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The Origin and Development of the Spermatophoric 
Mass of a Nephropsid Lobster, Enoplometopus 
occidentalis (Randall) ' 


DONALD C. MATTHEWS? 


INTRODUCTION 


THE PURPOSE OF THIS PAPER on the origin 
and development of the spermatophoric mass 
of Enoplometopus occidentalis (Randall) is three- 
fold: (1) to increase our knowledge of the 
biology of this little-known species, (2) to 
show evidence in support of external fertiliza- 
tion, and (3) to extend the list of mechanically 
sperm-liberating families in Hawaii to include 
the Nephropsidae (Homaridae auct., Nephrop- 
sidae fide Holthuis, 1946). 

With the possible exception of the Cape 
crayfish (Jasus lalandii, von Bonde, 1936), all 
recorded observations indicate that the pali- 
nurids, the astacids, and the homarids produce 
continuous, highly convoluted spermato- 
phoric tubes embedded in putty-like matrices 
(Panulirus interruptus—Allen, 1916; Fasten, 
1917; Wilson, 1949; P. argus—Crawford and 
De Smidt, 1923; P. penicillatus—Matthews, 
1951; Potamobius trowbridgii— Andrews, 1931; 
Homarus americanus—Hertick, 1895). 

Although the process has not been observed 
in every case, female pereiopodal gouging of 
these spermatophores during oviposition 
probably allows the liberation of their sper- 
matozoa and the subsequent external fertil- 
ization. 

Among macruran spermatophores studied, 
mechanical liberation of sperm reaches its 
highest development in the scyllarid Parri- 
bacus antarcticus (Lund). The spermatophoric 
mass resembles that of the palinurids, the 
astacids, and the homarids, but certain of the 
pereiopodsare provided with special structures 


1 Contribution number 43, Hawaii Marine Lab- 
oratory. Manuscript received May 28, 1953. 

2 Department of Zoology and Entomology, Uni- 
versity of Hawaii, Honolulu, Hawaii. 


for the mechanical liberation of the sperma- 
tozoa (Andrews, 1912; Matthews, 1953). Here, 
likewise, fertilization is probably external. 

Although once obtainable from Honolulu 
markets (vide Rathbun, 1906: 900), E. occi- 
dentalis is now seldom seen here except at the 
Honolulu Aquarium, although it is occasion- 
ally taken on the reefs and at depths of a few 
fathoms (vide Edmondson, 1946: 257). Yet 
large numbers of Enoplometopus postlarvae 
found in the stomachs of the yellowfin tuna 
Neothunnus macropterus (Reintjes, unpubl. ms.) 
attest its prevalence in deeper water. Although 
only males were obtainable for dissection, a 
single female in the collection of the Bernice 
P. Bishop Museum was available for observa- 
tion. This specimen was devoid of sperma- 
tophoric mass. The spermatophoric mass of 
E. occidentalis in so far as can be ascertained 
has not been investigated. 

The writer wishes to thank Mr. Spencer 
Tinker, director of the Honolulu Aquarium, 
who furnished the living specimens. 


METHODS AND TECHNIQUES 


Mature male specimens of E. occidentalis, 
obtained from the Honolulu Aquarium in 
November, 1952, were used in this study. 
The reproductive organs were removed, fixed 
in either Bouin’s or Zenker’s fluid, dehy- 
drated and cleared in dioxane, embedded in 
Tissuemat (54-56°C.), and sectioned at 10 
microns. The mounted sections were stained 
with standard alumhaematoxylin and coun- 
terstained with eosin. 

Certain vasa efferentia were placed in 0.1 
N KOH. Others were dissected, the sperma- 
tophoric mass smeared on small glass plates, 
and these immersed in sea water. 
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Fic. 1. Male reproductive system of E. occidentalis 
dissected to show: a, anterior region of testis; b, prox- 
imal portion of vas deferens; c, posterior region of 
testis; d, mesenteries. (2.5 X) 


RESULTS 


Dissection of E. occidentalis reveals an H- 
shaped testicular mass (Fig. 1), the anterior 
portion of which (a) lies dorsal to the hepa- 
topancreas and the posterior (c) contiguous 
with the digestive tract. The testes are held 
in place by mesenteries (¢) and are abundantly 
supplied with blood vessels. 

The slightly coiled vas deferens (Fig. 14), 
which arises from the testis, increases in dia- 
meter distally and opens on the coxopodite 
of the fifth pereiopod. The entire vas deferens 
is quiescent and, even when pinched with 
forceps, fails to eject its spermatophoric mass 
from the genital pore. There is no evidence 
of a hyaline line (vide Matthews, 1951). 

In cross sections, follicles in all stages of 
maturity are seen throughout the testis. An 
immature follicle (Fig. 2) discloses large, pri- 
mary spermatocytes (c), indistinguishable 
from the germinal epithelial cells (4) from 
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which they originate. Cells with indistinct 
cytoplasm but with strongly chromatophilic 
nuclei (4) appear scattered indiscriminately; 
among the primary spermatocytes. 

Cross sections of maturing follicles (Fig. 3 
reveal that as the number of spermatids (a 
increases, the number of primary spermato- 
cytes () is reduced until ultimately a single, 
peripheral, germinal layer remains. The num- 
ber of cells with strongly chromatophilic nu- 
clei (c) also increases throughout the follicles. 

Cross sections of mature follicles (Fig. 4 
show the spermatids metamorphosed into 
spermatozoa (a) and an increase in the num- 
ber of primary spermatocytes (4). The longi- 
tudinal sections of the collecting tubule (c) 
reveal that spermatozoa (a) which emanate 
from any one follicle remain in groups (d), 
and, although the cells with strongly chroma- 
tophilic nuclei (¢) are numerous in the empty- 
ing follicle, they are seldom seen among the 
groups of spermatozoa in the tubule. A se- 
cretion (f) from the epithelial lining (g) of 








Fic. 2. Camera lucida drawing of a cross section 
through an immature follicle showing: a, germinal 
epithelium; 4, nuclei of sustentacular cells; c, primary 
spermatocytes. (175 X) 
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Fic. 3. Camera lucida drawing of a cross section 
through a follicle in the early stages of maturity show- 
ing: 4, spermatids; b, primary spermatocytes; c, nuclei 
of sustentacular cells; 7, meiotic figures of spermatid 
formation. (175 X) 


the tubule surrounds each group of sperma- 
tozoa. 

Cross sections of the minute, proximal por- 
tion of the vas deferens (Fig. 5) reveal a tube 
in which the sperm mass (a) is surrounded 
by columnar epithelium (4) and a muscular 
layer (c). Although the columnar epithelial 
cells appear active, there is no evidence, in 
this region of the vas deferens, that a sheath 
is being formed around the sperm mass. 

A portion of a cross section of the vas 
deferens (Fig. 6) (distad.to the portion illus- 
trated in Fig. 5) shows the sperm mass (a) 
enveloped by a spermatophoric sheath (4) and 
that this sheath is the product of the secretion 
from the epithelial cells (c). The thickness of 
the muscular layer (d) is only slightly in- 
creased over that illustrated in Figure 5. 

Figure 7 illustrates a portion of a cross 
section through the distal region of the vas 
deferens. The sperm mass (4) is not only 
enveloped by a spermatophoric sheath (d), 
but a homogeneous matrix (c) is added by 
the epithelial cells (¢). The matrix (c) is often 
separated from the epithelial cells (¢) by a 
space (d). The muscular layer (/) is increased 
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in thickness and consists of longitudinal, di- 
agonal, and circular fibers. 


DISCUSSION 


By mitotic division of the germinal epithe- 
lial cells (Fig. 2a), follicles fill with primary 
spermatocytes (c). During this process, cer- 
tain cells with strongly chromatophilic nuclei 
(6) apparently arise from the germinal epi- 
thelial cells and occupy positions between the 
primary spermatocytes (c). Although mitotic 
figures are associated with the increase of pri- 
Mary spermatocytes, no mitotic figures ac- 
company the increase of the strongly chro- 
matophilic cells. Their method of multiplica- 
tion remains obscure. 

Concurrently, the primary spermatocytes 
(Fig. 3b) by two successive divisions (d) give 
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Fic. 4. Camera lucida drawing of cross section 


through mature follicles discharging their contents into 
the collecting tubule showing: a, spermatozoa; 3, pri- 
mary spermatocytes; c, longitudinal section of collect- 
ing tubule; ¢d, groups of spermatozoa ejected from 
different follicles; e, contents of a single follicle being 
ejected into collecting tubule; f, secretion separating 
sperm groups; g, epithelial cells. (150X) 
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Fic. 5. Camera lucida drawing of a cross section 
through the minute, proximal portion of the vas def- 
erens showing: 4, sperm mass; 5, columnar epithelium; 
c, muscle layer. (90X) 


rise to spermatids (a) which later cluster about 
the cells with strongly chromatophilic nuclei 
(c). These are probably sustentacular cells (c) 
which serve the spermatids in their metamor- 
phosis to spermatozoa. 

Although most cross sections of the testis 
show mature follicles, few reveal the actual 
openings of these follicles into the collecting 
tubule; yet on these sections alone depends 
the understanding of the rhythmical nature 
of follicular activity. Concurrently with the 
metamorphosing of spermatids to spermato- 
zoa (Fig. 4a), the germinal epithelium, by 
mitotic division, again produces primary sper- 
matocytes (4) which fill the follicles and expel 
the spermatozoa (a). The sustentacular cells, 
once numerous among the metamorphosing 
spermatids (e), are difficult to observe in the 
extruded follicular contents. It is quite evi- 
dent, however, that the many groups of sper- 
matozoa (d) seen descending the collecting 
tubule (c) are each the entire extruded content 
of one single follicle and not, as previously 
reported for Panulirus penicillatus (Matthews, 
1951) the result of the activity of sustentacular 
cells. These groups of spermatozoa are further 
separated by a secretion (f) from the epithelial 
lining (g) of the tubule. As previously men- 
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tioned, this secretion mixes freely between 
the groups of spermatozoa. 

Cross sections of the minute, proximal por- 
tion of the vas deferens (Fig. 5) reveal that 
the sperm mass (a) has not yet acquired its 
sheath. However, the columnar epithelial cells 
(5) are extremely active, and their secretions 
may be identical with this structure (Fig. 6) 
seen in more distal sections. 

Less than one third of the vas deferens is 
traversed by the descending sperm mass (Fig. 
5a) before it acquires its spermatophoric 
sheath (Fig. 64). This sheath is the product 
of the secretion from epithelial cells (¢) which, 
although shorter than those previously en- 
countered, show little specialized arrange- 
ment. There are no deep folds or crypts (vide 
Matthews, 1951: 363, fig. 7). The epithelial 
cells bounding the lumen are arranged in a 
single cell layer, and their secretion envelopes 
the sperm mass forming the spermatophoric 
sheath. 

Cross sections through the distal portion 





a 


Fic. 6. Camera lucida drawing of a portion of a cross 
section of the vas deferens (distad to the portion illus- 
trated in Fig. 5) showing: 4, sperm mass; 5, spermato- 
phoric sheath; c, epithelial cells; 7, muscle layer. (80 X) 
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Fic. 7. Camera lucida drawing of a portion of a cross section of the distal region of the vas deferens showing: 
a, sperm mass; b, spermatophoric sheath; c, homogeneous matrix; 4, space; e, epithelial cells; f, muscle layer. (90 X) 


of the vas deferens reveal what appears to be 
a sperm mass (Fig. 72) surrounded by an ex- 
tremely thick spermatophoric sheath (4, c). 
The reason for this misinterpretation lies in 
the fact that the sheath-forming secretion has 
the same consistency and staining properties 
as the matrix (Fig. 7c); both have an affinity 
for the cytoplasmic stain. Careful examination 
of the cross sections through this region, 
however, reveals a distinct diastem separating 
spermatophoric sheath (b) from matrix (¢). 
Proof of the individual identity of these two 
secretions is further attested by placing the 
contents of the dissected, distal vas deferens 
in 0.1 N KOH. The outer matrix is readily 
soluble and soon disappears, whereas the inner 
spermatophoric wall, being less soluble, re- 
mains to disclose a highly coiled, continuous 
spermatophore. 

The increased thickness of the muscular 
coat (Fig. 7f) probably plays a part in the 
expulsion of the spermatophoric mass during 
copulation; but whether it serves to segment 
the otherwise continuous spermatophoric tube 
into ampules is conjectural, since females with 
naturally occurring spermatophoric masses 
were not available for study. It seems very 
likely, however, that in either case the sper- 
matozoa, encased in a spermatophoric sheath 
and enveloped in a hardened matrix, would 


require a mechanical method for their 
liberation. 

Further indirect evidence in support of ex- 
ternal fertilization is obtained on examination 
of the female, for although a large seminal 
receptacle is present, it is found not to con- 
nect internally with the female reproductive 
system, and probably serves as a receptacle 
on which to receive the spermatophoric mass 
of the male. 

Because this mass becomes hard in a few 
hours when experimentally placed on glass 
plates immersed in sea water, it appears rea- 
sonable to assume that in naturally formed 
spermatophoric masses of E. occidentalis a sim- 
ilar change in consistency would necessitate 
mechanical liberation of the spermatozoa. 


SUMMARY 


The male reproductive system of the ho- 
marid-like, nephropsid lobster Enoplometopus 
occidentalis (Randall) is dissected and figured. 

Cross sections throughout the testis reveal 
follicles in various degrees of maturity. An 
immature follicle, by mitotic division of the 
cells of its germinal epithelium, becomes 
filled with primary spermatocytes. These cells, 
by both heterotypic and homeotypic divi- 
sions, form spermatids. 

Concurrent with the formation of primary 
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spermatocytes and spermatids, certain cells 
containing strongly chromatophoric nuclei 
arise from the germinal epithelium and be- 
come widely dispersed throughout the follicle. 
These sustentacular cells probably aid the 
spermatids in their metamorphoses into 
spermatozoa. 

Each group of spermatozoa seen in the 
collecting tubule is the extruded contents of 
a single follicle. This extrusion is caused by 
the production of a new group of primary 
spermatocytes filling the follicle. A secretion 
from the epithelial cells of the tubule sur- 
rounds each group of spermatozoa. As this 
material traverses the proximal portion of the 
vas deferens, a secretion from the undifferen- 
tiated epithelial cells surrounds the sperm 
mass and forms the spermatophoric sheath. 


No typhlosole-like structure is present in 
the enlarged vas deferens, but epithelial cells 
secrete a matrix which envelops the sperma- 
tophoric sheath. That spermatophoric wall 
and matrix are distinct secretions is attested 
both by the diastem which separates them 
and by the greater solubility of the matrix 
in 0.1 N KOH. 

Although neither naturally occurring sper- 
matophores nor the process of fertilization 
was actually observed, the facts that the ma- 
trix hardens and that the seminal receptacle 
does not open internally strongly suggest 
mechanical liberation of the spermatozoa and 
subsequent external fertilization. 
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On the Previously Undescribed Aggregate Form of the Pelagic 
Tunicate Ritteriella picteti (Apstein) (1904) ' 


Leo D. BERNER? 


DURING MARCH, APRIL, AND May, 1949, 
over 400 specimens of Ritteriella picteti were 
taken off the west coast of the United 
States and Baja California in the net hauls 
taken by the Scripps Institution of Oceano- 
graphy in conjunction with the California Co- 
operative Research Program. This is its first 
reported occurrence in the eastern Pacific 
Ocean and in large numbers. In this material 
the solitary form and the undescribed aggre- 
gate form are both represented. The original 
recognition of the aggregate form was based 
on specimens that contained embryos of the 
solitary form which were mature enough to 
possess their characteristic diagnostic fea- 
tures. Five individuals of the aggregate gen- 
eration have been deposited in the United 
States National Museum, under number 11170. 

I wish to express my appreciation to Dr. 
Martin Johnson for his valuable assistance in 
the preparation of this manuscript. 

In the past Ritteriella picteti has been con- 
sidered a rare species by all workers on the 
Thaliacea. Apstein (1904: 655) described the 
species from a single specimen taken off Am- 
boina, Dutch East Indies. He again found the 
species in the Tiefsee Expedition material 
(19064: 252), listing two specimens, but ap- 
pears to have confused it with R. amboinensis, 
so the number may be higher. From the 
Deutsche-Siidpolar Expedition, Apstein 
(1906b: 168) reported three specimens of R. 
picteti. Ritter (1906: 1-5) took one specimen 
from Sugura Bay, Japan, which he described 
as a new species, Cyclosalpa retracta. Ihle (1910: 
43-46) reported two specimens from the Si- 
boga coliections, and Sewell (1926) reported 


1 Contribution from Scripps Institution of Oceano- 
graphy New Series No. 686. Manuscript received June 
12, 1953. 

2 Scripps Institution of Oceanography, University 
of California, La Jolla, California. 
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two specimens from the Indian Ocean collec- 
tions he examined. Komai (1932: 64-69) and 
Thompson (1948: 124-126) each reported one 
specimen from their collections. Thus more 
than 13 specimens, all of the solitary form, 
were reported in nearly 50 years of investiga- 
tion. Thompson (1948: 125) suggested that 
he may have found the aggregate form of the 
species, but from his description it appears 
that he must have been looking at a very 
young individual or at another species. 


Ritteriella picteti (Apstein) (1904) 


\closalpa retracta Ritter, 1906 
Salpa amboinensis Apstein, 1906a 
[non] S. amboinensis Apstein, 1904 

Salpa picteti Apstein, 1906a 
Salpa picteti Apstein, 1906) 
Salpa retracta \hle, 1910 
Salpa picteti Ihle, 1910 
Salpa picteti Ile, 1912 
Salpa (Ritteria) picteti Metcalf, 1918 
Salpa (Ritteria) retracta Metcalf, 1918 
Salpa (Ritteriella) picteti Metcalf, 1919 
Salpa (Ritteriella) retracta Metcalf, 1919 
Salpa (Ritteria) picteti Sewell, 1926. 
Salpa (Ritteriella) picteti Komai, 1932. 
Ritteriella picteti \hle, 1935 
Ritteriella picteti Thompson, 1948 


DESCRIPTION OF AGGREGATE FORM 


Body: (Fig. 1) The body is ovoid, with 
anterior and posterior processes which are 
usually short. In dorsal view R. picteti is quite 
similar in appearance to R. amboinensis, Salpa 
maxima, and S. fusiformis. The atrial opening 
is dorsally placed. The test is soft, often col- 
lecting debris from the sample, thus making 
the details of the animals difficult to see. The 
mature specimens examined have ranged in 
size from 9 to 35 millimeters, excluding the 
processes. 
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Fic. 1. Ritteriella picteti, aggregate form. AO, atrial 
opening; CF, dorsal tubercle; END, endostyle; G, gill; 
GG, ganglion; HM, dorsal horizontal muscle; M, 
mouth; I-VI, body muscles. 


Muscles: The body muscles (Figs. 1, 2) 
may be asymetrically arranged. There are 
usually six body muscles on each side of the 
animal although specimens have been found 
with seven on one side (Fig. 2). Body muscles 
I and II are joined over the dorsal half of their 
course, separating laterally, whereas III and 
IV are joined dorsally over a short portion of 
their course and contact the bundle formed 
by muscles I and II in the same general area. 
Muscles V and VI are also in contact over the 
dorsal portion of their course. Laterally, mus- 
cles IV and V may approach closely. Muscle 
VI has an anterior branch in front of the gut 
and a posterior branch which joins its mate 
from the opposite side over the gut nucleus. 
There is a broad, independent muscle running 
along the base of the posterior process. The 
atrial muscles resemble those of R. amboinensis. 
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There are four delicate sphincters attache! 
laterally to a delicate retractor muscle. This 
muscle then attaches to a heavier retracto: 
which receives the attachment of the heavy 
basal sphincter. The retractor finally attaches 
to muscle VI just before the sixth muscle 
divides. The oral musculature (Fig. 3) in- 
cludes a single oral retractor laterally on each 
side and three sphincters on both the upper 
and lower lips. The sphincters of the upper 
lip include a wide muscle which is discon- 
tinuous medially, Ui, a narrow muscle, Us, 
and a wide muscle, U;. The sphincters of the 


ae - 


---m 





Fic. 2. Diagrammatic representation of some varia- 
tions found in the arrangement of body muscles of 
Ritteriella picteti, aggregate form: I-VI, body muscles. 
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Fic. 3. Ritteriella picteti, aggregate from, oral mus- 
culature. IM, intermediate muscle; L; etc., oral sphincter 
muscles of the lower lip; OR, oral retractor; U; etc., 
oral sphincter muscles of the upper lip. 


lower lip are made up of a narrow muscle, 
L;, a wider muscle, L2, and a wide muscle, L;. 
The oral retractor passes internally to the 
broad intermediate muscle which is discon- 
tinuous both dorsally and ventrally. The hor- 
izontal muscles are independent and run from 
the region just behind the last dorsal oral 
sphincter to about the region between the 
ends of the first body muscles. 

Internat Structure: The gut forms a com- 
pact nucleus in which the course of the 
intestine cannot be clearly traced without dis- 
section. The oesophageal opening, at the base 
of the gill, is wide and slightly flared. The 
anal opening is situated on the anterior left 
side of the gut nucleus. The dorsal tubercle 
is of typical form, elongate and slightly curved 
in dorsal view. The dorsal ganglion is much 
like that figured by Metcalf (1918) for R. 
amboinensis. The endostyle is rather straight, 
sharply hooked at the anterior end and slightly 
hooked at the posterior end. It extends from 
a point below the lower lip to the area pos- 
terior to the bifurcation of muscle IV. There 
is one embryo placed laterally in the area 
between muscles V and VI. 


COMPARISON WITH OTHER SPECIES 


In comparing this species with R. amboinen- 
sis, the other member of the genus, one finds 
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the two very similar. There are certain char- 
acteristics, however, that show striking 
differences; the body muscle bands in R. pic- 
teti are wider and composed of more fibers. 
Two typical individuals are compared in the 
table below. 

The large number of fibers in muscle VI of 
R. picteti before its division might indicate 
that there are in reality two muscles involved 
and that the posterior branch might be num- 
bered VII. It is felt however that, because of 
the long-established convention in numbering 
muscles, the normal order should be main- 
tained even though the muscle might be 
subdivided. Although the number of muscle 
fibers is not constant from specimen to spec- 
imen, the greater width of muscle bands and 
greater number of fibers in the specimens of 
R. picteti examined has been a constant feature. 
This variation in muscle-band width was also 
observed to a lesser extent in the solitary 
forms examined. The cross banding on the 
gill bars of R. picteti appears to be more closely 
spaced than that on the gill bars of R. am- 
boinensis. The oral musculature of the two 
species is quite different, R. picteti having three 
oral sphincters on each lip whereas R. am- 
boinensis has only two. 

The greatest difficulty encountered has not 
been in the differentiation of the two Ritter- 
iella species but in the differentiation of R. 
picteti from the aggregate form of Salpa fusi- 
formis. If the muscle banding is distinct there 


TABLE 1 
COMPARISON OF THE SPECIES OF RITTERIELLA 








R. picteti R. amboinensis 
BODY = ——— —————. — —— _ -— —— 
MUSCLE Width in | Width in 
Fibers millimeters | Fibers | millimeters 
I 16 0.75 A 0.1 
II 16 0.50 5 0.1 
Ill 19 0.50 5 0.1 
IV 18 0.50 6 0.1 
Vv 17 0.50 6 0.1 
VI | 24] 0.50 6 0.1 
Total length 
of animal... 11 mm. 


9 mm. 
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Fic. 4. Charts showing the distribution and approximate numbers of Ritteriella picteti, per 1,000 cubic meters 


of water filtered. Isotherms in degrees centigrade. 


is no problem, but in specimens in which the 
muscles are not easily seen separation of the 
species is complicated. The best solution to 
the problem yet found is staining the muscles. 
For the purpose of this “identification stain- 
ing,’’ Rose Bengal has been found very useful 
although not suitable for permanent prepara- 
tions. A stock solution of 0.1 per cent Rose 
Bengal may be added to a mixture of sea 
water and formalin in various amounts to give 
the intensity of staining desired, with no salt 
reaction. The main objection to the method 
is that the stain washes out very easily. 

The distribution of R. picteti during the pe- 
riod covered by this paper is shown in Figure 
4; it can be seen that the occurrence of the 
species is variable. The patchiness seen is typ- 
ical of distributions of ‘‘salps’’ and especially 
true of those which do not occur in large 
numbers and are not extremely common. This 
form appears to be much more tolerant of 
cold water than its relative R. amboinensis. It 
has been taken in water with a temperature 
as low as 10 degrees at a depth of 10 meters. 
In the area examined, the lower limit of their 
range appears to be in the vicinity of this 
10-degree isotherm. 
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New Records of Mysidacea and Euphausiacea 
from the Northeastern Pacific and Adjacent Areas’ 


ALBERT H. 


SINCE THE PUBLICATION of my tripartite re- 
port on the Mysidacea and Euphausiacea of 
the northeastern Pacific (19484, 19484, 1950), 
some additional collections of these crusta- 
ceans from this region have been made avail- 
able to me. These collections are in three 
groups: (1) specimens collected by the King 
Crab Investigation of the U. S. Fish and Wild- 
life Service in the eastern Bering Sea in 1941, 
principally from the stomachs of codfish and 
pollock; (2) specimens collected at the Arctic 
Research Laboratory at Point Barrow, Alaska, 
from 1948 to 1952, principally by G. E. Mac- 
Ginitie and Ira L. Wiggins who were spon- 
sored by research contracts from the Office 
of Naval Research to Johns Hopkins Uni- 
versity and the California Institute of Tech- 
nology; and (3) specimens collected by 
various persons, including myself, at random 
spots from Alaska to California after 1945. 
Many of the records are within the established 
range of the species, but even these are of 
importance because not much is known about 
these animals in the Pacific and, especially, 
in Alaskan waters. Some of the records below 
are extensions of the previously known ranges. 
Two new species are described, and a genus 
and several species previously described are 
placed in synonymy. In addition, lectotypes 
are designated for the species previously de- 
scribed by me (op. cit.) from this region. 

To keep this paper as short as possible, 
rather than give-the descriptions and full 
synonymy, reference will be made only to the 
original descriptions and to my previous 


1 Contribution No. 45, Hawaii Marine Laboratory. 
Manuscript received March 11, 1953. 

2 Department of Zoology and Entomology, Univ- 
ersity of Hawaii. 
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study or to the monograph of Tattersall 
(1951). 


Boreomysis nobilis Sars 


Boreomysis nobilis G. O. Sars, Arch. Math. 
Naturv. 4: 428, 1879. 

- Tattersall, U. S. Natl. Mus., 

Bul. 201: 47, 243, fig. 6, 1951. 


SPECIMENS EXAMINED: Arctic Research Lab- 
oratory: No.?, Point Barrow, Alaska, Sept. 27, 
1948; MacGinitie, collector. Four specimens. 
The largest specimen, an immature female, 
was 38 mm. long. 

DISCUSSION: MacGinitie supplied the fol- 
lowing notes: ‘Specimens collected near shore 
after several days of offshore wind followed 
by upwelling. [Body] translucent white with 
a red stripe (gut) down middle of back, a red 
stomach and mouth region. Eyes metallic 
crimson. 

Previous records of this species have been 
confined to the subarctic Atlantic Ocean and 
the adjacent regions of the Arctic Ocean; it 
has been reported as far south as Newfound- 
land (Tattersall, 1939) and as far north as 
77°N. on both coasts of Greenland (Stephen- 
sen, 1933, 1943). Its westernmost record until 
now was the western sounds leading into 
Baffin Bay (Tattersall, 1939). 


Archaeomysis grebnitzkii Czerniavsky 


Archaeomysis grebnitzkii Czerniavsky, St. Pe- 
tersbourg Nat., Trudy 12: 73, 1882; 18: pl. 
30, figs. 17-24; pl. 32, figs. 19-20, 1887. 

Banner, Roy. Canad. Inst., 
Trans. 26: 370-374, pl. 5, figs. Gai, 1948. 
[Redescribed.] 

Tattersall, U. S. Natl. Mus., 
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Bul. 201: 81-86, figs. 21-22, 1951. [Re- 
described.] 


SPECIMENS EXAMINED: Numerous adult 
specimens of both sexes in sand in intertidal 
zone, Pismo Beach, Calif. (about 50 miles 
north of Point Conception), Nov., 1945; A. 
H. Banner, collector. The specimens were 
found burrowing in the sand in the wave- 
washed portion cf the beach. 

DISCUSSION: The specimens listed above 
and those previously examined and reported 
upon agree quite well with Tattersall’s re- 
description and with his criteria for the sep- 
aration of A. maculata (Holmes) from A. 
grebnitzkii. However, in both groups of spec- 
imens the posterior dorsal tooth of the fifth 
abdominal segment was present, a character- 
istic Tattersall reported to be unique to A. 
maculata. Therefore, reliance should not be 
placed upon that to separate the two species. 

My previous records for the species reached 
only to the southern portion of the state of 
Washington, and those of Tattersall reached 
only to Half Moon Bay, immediately south 
of San Francisco, California; the present rec- 
ord, therefore, is the most southerly for the 
species. It is noteworthy that, during the 
month in which this collection was made at 
Pismo Beach, many other beaches to the 
south, especially in the Los Angeles area, were 
investigated and neither A. grebnitzkii nor A. 
maculata were found. 


Mysis oculata (Fabricius) 


Cancer oculatus Fabricius, Fauna Groenlandica, 
pp. 245-246, 1780. 

Pugetomysis litoralis Banner, Roy. Canad. Inst., 
Trans. 27: 105, pl. 6, figs. 18a-k, 1948. 

Mysis oculata Tattersall, U. S. Natl. Mus., Bul. 
201: 165-167, fig. 61, 1951. [Redescribed.] 


SPECIMENS EXAMINED: Arctic Research Lab- 
oratory: No. 492, washed ashore near Point 
Barrow, Alaska, Sept. 22, 1949; MacGinitie, 
collector. One immature female. 

No. 659, plankton tow off Point Barrow, 
Alaska, Oct. 31, 1949; MacGinitie, collector. 
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About 20 specimens, immature males and 
females, mature females. 


No. 660, plankton tow off Point Barrow. 
Alaska, in churning water, evening, Sept. 1, 
1949; MacGinitie, collector. Four immature 
males and females. 

No.?, plankton tow off Point Barrow, Alas- 
ka, July 23, 1948; MacGinitie, collector. Ten 
larval forms. 

No. 489, beach, Point Barrow, Alaska, July 
24, 1950; Wiggins, collector. Five immature 
males and females. 

Red Station 2. Dredged at 70°08’N., 143°- 
54’W., 1 specimen. 

Red Station 3. Dredged at 70°03’N., 145°- 
14’W., approximately 150 specimens. 

Red Station 4. Dredged at 70°12’N., 145°- 
55’W., 6 specimens. 

Red Station 5. Dredged at 70°11’N., 146°- 
15’W., 177 specimens. 

Red Station 6. Dredged at 70°15’N., 146°. 
50’W., approximately 150 specimens. 

Red Station 7. Dredged at 70°26’N., 147°- 
55’W., approximately 100 specimens. 

Red Station 8. Dredged at 70°31’N., 148°- 
50’W., 26 specimens. 

Red Station 10. Dredged at 70°34’N., 150°- 
15’W., approximately 100 specimens. 

Red Station 11. Dredged at 70°43’N., 150°- 
59’W., approximately 100 specimens. 

Red Station 12. Dredged at 70°40’N., 151°- 
50’W., 17 specimens. 

Red Station 15. Dredged at 70°57’N., 153°- 
15’W., 1 specimen. 

Red Station 16. Dredged at 70°57’N., 154°- 
16’W., 5 specimens. 

Red Station 18. Dredged at 71°13’N., 155°- 
48’W., 15 specimens. 

The stations of the ‘““Red’”’ were taken be- 
tween August 9 and 12,1953. The depths 
varied from 9 to 42 feet; the surface tem- 
peratures from 2.6°C. to 4.8°C.; the bottom 
temperatures from —3.5°C. to 3.2°C.; the 
surface salinity from 8.87 0/00 to 23.48 0/00; 
the bottom salinity from 24.33 0/00 to 30.61 
o/oo; the bottoms were of mud, sand, gravel, 
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and clay. Further details on the stations may 
be found in Wilimovsky (1953). 

DISCUSSION: Specimens apparently of this 
species are represented in the collection only 
by mature females and immature specimens 
of both sexes. The immature males are about 
10 millimeters long, whereas the two mature 
females are over 20 millimeters long. The 
specimens agree well with the described char- 
acteristics of M. oculata, except that the pleo- 
pods of the males are obviously immature. 

In these males all pleopods save the fourth 
are uniramous, and in the fourth the exopod 
is divided into only three articles, whereas the 
endopod has no subdivisions. However, in 
adult M. oculata both the third and fourth 
pleopods are biramous, the third with an ex- 
opod of five articles and the fourth with an 
exopod of seven articles. Because of the close 
similarity of these specimens to the descrip- 
tions of M. oculata, and because of the much 
greater size of the mature females, it was de- 
cided that the males were immature. 

This condition is the same as that of the 
immature males described by me as Pugeto- 
mysis litoralis. 1 had presumed from the fourth 
pleopods of these specimens that they were 
almost mature. Since examining the Point 
Barrow specimens, I have re-examined the 
specimens in the type lot, and I can find no 
differences that could be considered of major 
importance. Therefore, P. /itoralis is a syn- 
onym of M. oculata, and the genus Pugeto- 
mysis, erected to contain only that species, is 
a synonym. As a consequence, the type will 
not be deposited in the U. S. National 
Museum. 

Mysis oculata is circumpolar in distribution 
and has been reported from the arctic coasts 
of North America, Europe, and Asia; it has 
been reported from the Arctic Ocean on 
either side of Bering Straits and as far south 
as Kiska, Alaska. 

The specimens originally reported as P. 
litoralis came from Friday Harbor, Washing- 
ton, and represent the first record of the spe- 
cies in the Pacific Ocean proper and the first 
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record of the genus or species along the 
western coast of subtemperate and temperate 
North America. 


Mysis relicta Lovén 


Mysis relicta Lovén, Svenska Vetensk. Akad., 
Ofversigt af . . . forhandl., p. 285, 1862. 

———- ——— Tattersall, U. S. Natl. Mus., 
Bul. 201: 167-168, fig. 62, 1951. 


SPECIMENS EXAMINED: Arctic Research Lab- 
oratory: No. 489, beach, Point Barrow, Alaska, 
Sept. 24, 1950; Wiggins, collector. Two spec- 
imens, immature. 

No. 665, plankton tow off Point Barrow, 
Alaska, Sept. 30, 1949; MacGinitie, collector. 
About 500 specimens, immature. 

No.?, Elson Lagoon near Point Barrow, 
Alaska, Sept. 1, 1949; MacGinitie, collector. 
About 50 specimens, immature. 

No.?, Elson Lagoon near Point Barrow, 
Alaska, July 28, 1950; MacGinitie, collector. 
Five specimens, immature. 

No.?, Nuwuk Pond near Point Barrow, 
Alaska, Aug., 1952 (chlorinity 1.3 0/00); 
John Mohr, collector. Twelve specimens, 
immature. 


DISCUSSION: Mysis relicta is distinguished 
from the very closely related M. oculata chiefly 
by a more shallow and more pointed indenta- 
tion on the posterior margin of the telson and 
a broader squame of the second antenna. 
However, these conditions are found in the 
larval form of M. oculata as well. In view of 
the work of Olafsson (1918) which indicated 
that M. relicta might not be produced by any 
inherited differences from the stem form but 
merely by the lesser salinity of their environ- 
ment, I am not personally convinced of the 
validity of the species. However, until more 
definite information is available I will accept 
the decision of previous workers that M. 
relicta is a separate and valid species. 

The telsons of the specimens listed are al- 
most identical to those described for M. relic- 
ta, but the antennal squame is more like that 
of M. oculata, almost six times as long as 
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broad. Because of the small size and the sexual 
immaturity of these specimens they possibly 
could be interpreted as young M. oculata. 
However, inasmuch as the cleft of the telson 
in specimens of M. ocu/ata of similar size had 
the adult configuration, the present specimens 
were considered to be young of M. relicta. 

Like M. oculata, M. relicta is circumpolar 
in distribution and occurs not only in brackish 
and fresh water lying near the present Arctic 
Ocean but also as far south as the lakes left 
by the continental ice sheets, such as the 
Great Lakes of North America. Dr. Mohr, in 
a personal communication, has described the 
pond where he collected these specimens at 
Point Barrow: 


There extends northeast from Pt. Barrow base 
for about seven miles a peninsula . . . called 
Nuwuk. On the tip there are several shallow 
pools and a larger one roughly a block long and 
at least 17 feet deep near the center. . .. Nuwuk 
pond is possibly a hundred yards from the pres- 
ent seashore. Between the main pond and the 
sea is a smaller pond which would about halve 
that distance, and very clear and apparently 
quite recent channels connect the smaller to 
the main pond. . . . I had the strong impression 
that Nuwuk Pond was of recent separation from 
the sea. I think [that the geologists of the party 
were inclined to agree with this]. 


This species has been reported previously from 
Arctic Alaska. 


Neomysis rayi’ (Murdock) 


Mysis rayti Murdock, U. S. Natl. Mus., Proc. 
7: 519, 1885. 

Neomysis rayii Banner, Roy. Canad. Acad., 
Trans. 27: 78-82, pl. 2, fig. 12, 1948. 

Neomysis rayit Tattersall, U. S. Natl. Mus., Bul. 
201: 181-186, figs. 68-71, 1951. 


SPECIMENS EXAMINED: Arctic Research Lab- 
oratory: No. 532, beach, Point Barrow, Alas- 
ka, Sept. 28, 1950; Wiggins, collector. One 
specimen. 


3 The terminal “i must be dropped from this 
patronymic according to the International Rules of 
Zoological Nomenclature as amended in Paris in 1948 
—see Bul. Zool. Nomen. 4: 68, 1950. 
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No.?, plankton tow near shore, July 13, 
1950; MacGinitie, collector. One specimen 
broken (identification not certain). 

King Crab Investigation: No. C-109, stomach 
of Gadus macrocephalus, Point Moller, Alaska, 
20-23 fathoms, June 5, 1941. One mature 
male 32 mm. long. 

DISCUSSION: These records add nothing to 
the known range, as Point Barrow is the type 
locality and the species have been previously 
reported from the Bering Sea region. 


Neomysis kadiakensis Ortmann 


Neomysis kadiakensis Ortmann, U. S. Natl, 
Mus., Proc. 34: 8, 1908. 
Banner, Roy. Canad. Inst., 
Trans. 27: 83, pl. 3, fig. 13, 1948. 
Tattersall, U. S. Natl. Mus., 
Bul. 201: 192-194, fig. 72> 1904. 


SPECIMENS EXAMINED: King Crab Investiga- 
tion: No. C-87, Akutan Bay, Alaska, April 27, 
1941. Three specimens. 

DISCUSSION: These specimens are from 
slightly west of the previous northern and 
western record, that of Ortmann for the type 
specimens from Kodiak Island, Alaska. 


Neomysis awatschensis (Brandt) 
Fig. 1 


Mysis awatschensis Brandt, Middendorf’s Reise 
... 2(1): 126, 1851. 

Neomysis awatschensis Zimmer, Fauna Arctica, 
3: 468, 1904. 

Neomysis nigra Nakazawa, Annot. Zool. Ja- 
ponensis 7(4): 248, 1910. 

Heteromysis intermedia Czerniavsky, St. Peters- 
bourg Nat., Trudy 13: 35, 1882. 

Neomysis intermedia Zimmer, Fauna Arctica 
3: 469, 1904. 

Neomysis isaza Marukawa, Annot. Oceanog. 
Rech. 2: 6, 1928. 

Neomysis mercedis Holmes, Calif. Acad. Sci., 
Proc. II, 6: 199, 1897. 


[For a full listing of all citations to these 
nominal species, see Tattersall, 1951: 187 
191.] 
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SPECIMENS EXAMINED: Naknek River, Alas- 
kan Peninsula (Bristol Bay, approximately 
59°N., 157°W.), low tide, near shore, July 
11, 1946; Chester R. Mattson, collector; spec- 
imens loaned by Dr. J. E. Lynch, University 
of Washington. About 50 specimens. 

DISCUSSION: The animals of this complex, 
described as five different species and more 
recently resolved to three species (N. awat- 
schensis, N. intermedia, and N. mercedis), are 
known to extend around the rim of the North 
Pacific from San Francisco, California, to the 
coasts of Japan and China. N. mercedis reached 
from San Francisco Bay to the waters of 
southern British Columbia; N. intermedia from 
south central Alaska and Bering Island to the 
coasts of Siberia, Japan, and China; and N. 
awatschensis was known only from Kamchatka 
(Tattersall, 1951: 190, in his distributional 
lists forgot to mention the type locality, 
Awatscha Bay in Kamchatka), Japan, and 
China. All are known to inhabit brackish 
water, and in Washington, at least, N. mer- 
cedis penetrates into fresh-water lakes (Banner, 
1948b: 75). 

These three forms, accepted as separate spe- 
cies, have been known to be closely related. 
Tattersall in 1932 (p. 321) and again in 1951 
(p. 187 et seq.) remarks upon this but gives 
criteria by which the species may be separated. 
The specimens listed above from the Bering 
Sea were somewhat intermediate in some of 
these criteria and have caused me to consider 
again, on the basis of the variations observed 
in specimens from Washington and Alaska, 
the validity of the separation of the three 
species. 

Tattersall’s criteria for the separation of the 
three species are listed below, together with 
notes on the specimens from Washington and 
Alaska. 

Size: Tattersall states that mature N. awat- 
schensis are 10 millimeters long, whereas N. 
mercedis are 15 millimeters long. However, 
some mature specimens from Washington 
known as N. mercedis are 11 millimeters long. 
The size of N. intermedia was not given by 
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Tattersall, but specimens from Alaska ap- 
proaching that species are 10 millimeters long 
and mature. 

Color: Tattersall states that N. awatschensis 
is black and N. mercedis ‘“‘is certainly not 
black.”” Observations on living specimens 
originally identified as N. mercedis, both those 
collected so recently as to have the color un- 
changed and those kept alive in aquaria, have 
not shown any jet-black individuals, but the 
color was found to range from almost trans- 
parent to a condition where the chromato- 
phores were sufficiently expanded to make the 
individual almost black. In aquaria it was 
found that the color of the individuals changed 
with their environment. Several specimens 
were found that were pale green in color. 
This variability in the color pattern was rem- 
iniscent of Acanthomysis sculpta (Tattersall), 
which was found to vary from transparent, 
through sandy (and green), to jet black. To 
my knowledge there are no color notes on 
N. intermedia. 

Rostral plate: N. mercedis is supposed to have 
a quadrangular rostral plate, N. intermedia a 
rounded rostral plate, and N. awatschensis a 
pointed rostral plate. The forms from Wash- 
ington and from Alaska show variation in this 
plate, with only a few showing even an ap- 
proximation of the quadrilateral condition 
and the rest varying from broadly rounded 
to narrowly rounded. In none was the rostrum 
pointed; however, those in which the tip was 
narrowly rounded certainly approached the 
pointed condition. 

Antennal squame: This is supposed to be 8 
times as long as broad in N. mercedis and N. 
awatschensis but 10 times as long as broad in 
N. intermedia. In some of the specimens from 
Washington the squames are slightly longer 
than 8 times as long as broad, while in many 
of the specimens from Bristol Bay the squames 
are about 9 times as long as broad. 

Eyes: In N. mercedis and N. intermedia the 
entire eyestalk is 1.5 times as long as the 
cornea is broad, with the cornea occupying 
less than 0.5 the length of the entire stalk 
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and with the breadth of the peduncle equal 
to 0.4 of its length. In N. awatschensis the en- 
tire eyestalk is slightly less than 1.5 times as 
long as the cornea is broad, with the cornea 
occupying 0.5 the length of the entire stalk, 
and the peduncle is 0.5 as wide as the stalk 
is long. The specimens examined agree with 
N. mercedis and N. intermedia. 

Thoracic endopods: Tattersall reports that the 
sixth joint of the thoracic endopods is divided 
into 8-10 secondary joints in N. mercedis, into 
7-11 joints in N. intermedia, and into 6-8 
joints in N. awatschensis. Smaller specimens of 
N. mercedis from Washington have 6-8 joints, 
whereas the larger have 8-10; specimens from 
Alaska approaching N. intermedia have 7-10 
joints. 

Fourth pleopods of the males: In N. mercedis 
and N. awatschensis the terminal article of the 
outer branch of the fourth pleopods of the 
males is supposed to be 0.25 the length of 
the proximal joint and definitely shorter than 
the terminal setae, whereas in N. intermedia 
the terminal article is 0.5 the length of the 
proximal and longer than the setae. However, 
in mature specimens from Washington the 
terminal article is 0.3 to 0.2 the length of the 
proximal, whereas immature specimens have 
the proportions given for N. intermedia. 

Telson: Tattersall reports the telson to be 
similar in N. mercedis and N. intermedia, being 
twice as long as broad, the apex 0.2 the 

-breadth of the base and the lateral spines 
shorter than the spaces between their bases; 
the only difference is that in N. mercedis there 
are 15 lateral spines (as shown by Tattersall 
in fig. 72), whereas in N. intermedia there are 
13-21 lateral spines. He reports that the telson 
of N. awatschensis is 1.75 times as long as 
broad, the apex is 0.25 the breadth of the 
base, and the posterior of the 17-21 lateral 
spines are longer than the spaces between 
their bases. In the specimens from fresh water 
from Washington the tip of the telson is about 
0.12 the breadth of the base, but in some of 
the more brackish-water specimens from 
Washington and Alaska the tip is 0.25 to 0.2 
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FiG. 1. Neomysis awatschensis (Brandt), specimen from 
Naknek River, Alaska. a, Fourth pleopod of male; 
b, telson, showing extreme condition of the spines. 
(Both drawings to the same scale.) 


the breadth of the base. The number and 
length of the lateral spines are also variable, 
even those from the same locality; for ex- 
ample, some of those from Naknek River had 
spines longer than the spaces between their 
bases, therefore more like N. awatschensis, 
whereas in others the spines were shorter, like 
the other two species. The length-breadth re- 
lationship showed similar variation. 

With this summation it can be seen that the 
three species were separated by rather small 
differences, but such differences, were they 
to remain constant, would have been adequate 
for the separation of the species. However, 
the specimens examined showed all these 
characteristics to be variable beyond the lim- 
its set for the separation of the three species. 
The sole exception may be found in the rather 
slight differences reported for the eyes, and 
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on the closely related N. rayi (Murdock) this 
was shown to be an unreliable characteristic. 
Probably the most firm of the criteria might 
be found in the shape of the rostral plate and 
the fourth pleopods of the male. However, it 
was precisely these characteristics again that 
were found to be without worth in the at- 
tempted separation of N. rayi from N. fran- 
ciscorum. In fact, the differences in this com- 
plex parallel the differences found between 
the warm-water N. franciscorum (as it was pre- 
viously known) and the colder-water N. rayi. 

Unfortunately, the collections do not per- 
mit the complete removal of all differences, 
but when it is considered that there are 
stretches of the coast of the North Pacific 
hundreds of miles long where the species 
must exist but where no collections have ever 
been made, it is logical to presume that com- 
plete intergradations between the various 
types could be found. 

It is for these reasons that N. mercedis and 
N. intermedia have been placed in synonymy 
to N. awatschensis. 


Acanthomysis pseudomacropsis 
(Tattersall ) 


Neomysis pseudomacropsis Tattersall, Contrib. 
Canad. Biol. 8: 94-97, figs. 7a-b, 8a-f, 
1933. 

Acanthomysis pseudomacropsis Banner, Roy. 
Canad. Inst., Trans. 27: 89, 1948. 

Tattersall, U. S. Natl. Mus., 
Bul. 200: 217, figs. 91, 92, 1951. 


SPECIMENS EXAMINED: King Crab Investiga- 
tion: No. C-109, stomachs of Gadus macro- 
cephalus, Point Moller, Alaska, May 6, 1941. 
Two specimens from separate stomachs. 

No. C-117, stomach of Theragra chalco- 
gramma, Cape Seniavin, Alaska, May 8, 1941. 
Twenty specimens. 

DISCUSSION: Previous records of this species 
have extended from Washington to the coast 
of Siberia; these records, therefore, do not 
extend the range. 
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Acanthomysis sculpta (Tattersall) 


Neomysis sculpta Tattersall, Contrib. Canad. 
Biol. 8: 197-200, figs. 9a—b, 10a—d, 11a-b, 
1933. 

Acanthomysis sculpta Banner, Roy. Canad. Inst., 
Trans. 27: 97-99, 1948. 

Tattersall, U. S. Natl. Mus., 
Bul. 201: 248, 1951. 


SPECIMENS EXAMINED: Fifteen specimens 
from Pismo Beach, California (about 50 miles 
north of Point Conception), from the sand 
in the intertidal zone, Nov., 1946; A. H. 
Banner, collector. 

DISCUSSION: As this species is known from 
Vancouver Island, Canada, to La Jolla, Cali- 
fornia, this record merely fills in part of the 
range. 


Acanthomysis alaskensis n. sp. 
Fig. 2 

DESCRIPTION: Rostrum triangular, acute, 
with tip reaching almost to the proximal por- 
tion of cornea of eye; dorsal surface straight 
in profile. Anterolateral corners of carapace 
produced and acute. 

Eyes large, with peduncle short and heavy, 
broader than long. Inner superior surface of 
peduncle with poorly developed triangular 
papilla. Cornea expanded, dorsoventrally com- 
pressed and subovate in lateral view. 

Antennular peduncle showing usual sexual 
dimorphism, in males with distal article heav- 
ier than in females and bearing well-developed 
process masculinus. Basicerite of antenna bear- 
ing a small but acute tooth. Antennal pedun- 
cle reaching only to middle of last article of 
antennular peduncle. Squame twice as long 
as antennular peduncle, six times as long as 
broad; distal twentieth demarked by feeble 
articulation. 

Labrum with acute anterior process. 

Protopodite of first thoracic leg laterally 
expanded so that exopod and endopod are 
some distance removed from each other, and 
bearing well-developed, lobe-like endite. Pro- 
podi of third to eighth thoracic legs with 6 
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Fic. 2. Acanthomysis alaskensis, n. sp. a, Anterior region, dorsal aspect; b, anterior region, lateral aspect; c, first 
thoracic leg; d, second thoracic leg; e, seventh thoracic leg; f, abdomen, lateral aspect; g, third pleopod, male; 
h, fourth pleopod, male; #, fifth pleopod, male; 7, uropod; &, telson; /, tip of telson. All drawings except g, 4, and 
i from a mature female. (a, b, 7, k, scale A; c, d, e, g, b, i, scale B; f, scale C; /, scale D.) 
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to 8 secondary articulations. Armature of 
basal plate of exopod variable. 

Terga of first five abdominal somites bear- 
ing transverse folds somewhat similar to those 
described for Acanthomysis davisi Banner (19485: 
96). Sixth abdominal segment with three folds 
that are discontinuous dorsally; anterior pair 
set on a slight angle to transverse line of body 
and poorly developed; posterior two pairs 
transverse to body and well developed. 

Telson slightly over twice as long as the 
sixth abdominal segment, triangular in shape 
with anterior lateral margins concave, middle 
and posterior lateral margins straight to 
slightly convex. Telson 3 times as long as 
broad at base, with breadth at tip one-twen- 
tieth breadth of base. Spines on basal half of 
lateral margins more or less regularly placed 
and of subequal lengths; larger spines of pos- 
terior half of lateral margins separated from 
each other by groups of 3 to 5 much shorter 
spines; penultimate lateral spines with tips 
reaching beyond tip of telson; final spines 
very slightly longer than tip is broad and 
separated by 2 very short spines. 

Inner uropod reaching almost to end of 
telson and bearing 4 to 5 spines near statocyst; 
outer uropod 1.5 times length of inner. 

Only fourth pleopods of male biramous, 
with tip of exopod reaching slightly beyond 
end of fifth abdominal segment. Proximal 
article of exopod 4.5 times length of distal 
and bearing a single strong spine; distal article 
bearing 2 strong spines that are 4 times length 
of distal article. Fifth pleopod of males 0.8 
as long as fourth. 


SPECIMENS EXAMINED: Type specimen: A 
submature male, 19.7 mm. long, collected by 
the King Crab Investigation, haul C-117, June 
8, 1941, from the stomach of Theragra chalco- 
gramma (Pallas) (Alaskan pollock), taken off 
Cape Seniavin on the Alaskan Peninsula 
(about 160°W.) in 23-26 fathoms. U. S. Na- 
tional Museum 95638. 


Paratypes: Many others collected with type, 
some in semidigested condition. Five others 
also collected by the King Crab Investigation 
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at Point Moller, Alaska, from the stomachs 
of cod. 

DISCUSSION: These specimens were inter- 
preted to be immature on the basis of char- 
acteristics of the female, not the male, for the 
females of size similar to the type did not 
have their oostegites fully developed. On the 
other hand, it may be that the males are ma- 
ture but reach a smaller size at maturity than 
do the females. 

This species belongs to the group in this 
genus that have the abdomens with dorsal 
folds in the chitin: A. mitsukurii (Nakazawa) 
(1910: 250), A. stelleri (Derzhavin) (1913: 
202), A. davisi Banner (1949: 95), A. costata 
(Holmes) (1900: 221), A. sculpta (Tattersall) 
(1933: 197), and A. borealis (described in this 
paper). A. mitsukurii can be distinguished from 
this species and from all other species in the 
group by the presence of small denticles on 
the folds of the abdomen, as well as by other 
characteristics. A. sculpta can be distinguished 
by the presence of four large spines on the 
tip of the telson and by the lack of a strong 
bristle on the basal article of the exopod of 
the fourth pleopods of the male. A. borealis 
is easily separated by the rounded tip of the 
telson and by the uniform series of spines on 
its distal tenth. 

However, this species and the remaining 
three species, A. costata, A. stelleri, and A. 
davisi, are most obviously closely related. A. 
costata and A. davisi are both smaller species 
found in more southern waters, whereas A. 
stelleri and A. alaskensis are larger northern 
forms. The characteristics that will serve to 
separate them are given in Table 1. 

From the examination of this table it will 
be seen that the species have much in com- 
mon and that the diagnostic characteristics 
—primarily the rostrum, eyes, antennal squa- 
me, abdominal grooves, shape, and armature 
of the telson—are small differences in propor- 
tions in parts that are known in other species 
to be variable. The fourth pleopods of the 
male show less difference than is found be- 
tween the northern and southern races of 
Neomysis rayi. 





CHARACTERISTIC 


Size. . 


Rostrum 


Cornea...... 


Antennal squame 


Propodi of thoracic 
legs 3-8 


Rugae of abdominal 
somites 
1 


6 


Telson 
length/length 6th 
abdominal segment! 
length/breadth at 
base... IS? 
breadth at tip 
breadth at base. . 
penulrimate long 
lateral spines 


posterolateral spines 


4th pleopods of male 
exopod 
basal article 


terminal setae. . 


A. alaskensis 


About 20 mm. 


Acute; reaching al- 


most to end of ocu- 
lar peduncle 


Dorsoventrally com- | 
pressed; laterally | 


broadened 


7 times as long as | 


broad; 2 times 
length of antennular 
peduncle 


6-8 secondary arti- 
cles 


1 fold 

1 fold 

1 fold 

3 folds 

3 folds, 2 discontin- 
uous dorsally 


3 folds, all discon- 
tinuous dorsally 


~ 
_ 


20 


| Reaching beyond tip 


of telson 
Length equal to 
breadth of telsal tip 


| 4.5 times length dis- 


tal article 
4 times length distal 


| 
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TABLE 1 


A. stelleri* 
About 20 mm. 


Not as acute as A. 
alaskensis; reaching 
to middle of ocular | 
peduncle 


Rounded (?) 


4 
] 


times as long as 
broad; 1.5 times 
length of antennular 
peduncle 


4-6 secondary arti- 
cles 


2 folds, discontinu- 


| ous dorsally 
| 2 folds, discontinu- 


| ous dorsally 


3 folds, discontinu- 
ous dorsally 

2 folds, discontinu- 
ous dorsally 

2 folds, 1 discontin- 
uous dorsally 

1 fold, continuous 


| dorsally 


A. cost.tat 


8 mm. 


“short... pointed” 


Rounded (?) 


5 times as long as 
broad; 1.3 times 
length of antennular 
peduncle 


4-5 secondary arti- 
cles 


3 folds 
2 folds 
2 folds 
2 folds 
2 folds 


2 folds, first project- 
ing as triangular 


plate, second con- 


Reaching beyond tip 
of telson | 
Length equal to 
breadth of telsal tip 


Undescribed 


Undescribed 


tinuous 


1/15 


Not reaching to tip | 


of telson 

Length equal to 
twice breadth of tel- 
sal tip 


5 times length distal 
article 
3 times length distal 


CHARACTERISTICS WHICH DIFFERENTIATE THE SPECIES IN THE Acanthomysis costata GROUP 


A. davisi 
9-11 mm. 


Subacute; not reach- 
ing to middle of ocu- 
lar peduncle 


Rounded to slightly 
compressed; not 
markedly laterally 
broadened 


5 times as long as 
broad; 1.3 times 
length of antennular 
peduncle 


4-5 secondary articles 


2 folds, 1st slight 


| 2 folds, 1st slight 


2 folds, 1st slight 


| 3 folds 


3 folds, 2 discontinu- 


| ous dorsally 


3 folds, all discontin- 
uous dorsally 


Reaching about mid- 
length of telson 
Telsal tip so different 
that comparison not 
valid 


4.5 times length dis- 
tal article 
3 times length distal 





| article article | article 








* Comparison based on Derzhavin's figures and short description; the telson shown by Tattersall (1951: 212, fig. 88) does 
not agree with that shown for the type species. 

+ Comparison based on Holmes’s original description (1900: 221) and upon the more adequate redescription by Tattersall 
(1932: 327). The specimen depicted by Hansen (1913: 177) showed a telson with the terminal spines like A. sculpta 
( Tattersall), not A. costata. 
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With the geographic variation of Neomysis 
rayi and N. awatschensis, members of a closely 
related genus, in mind and viewing the rel- 
atively minor differences between the species 
of the Acanthomysis costata group, | am of the 
opinion that this complex, too, may represent 
only a single species with various geographic 
races. However, as I have been able to find 
no variation in those specimens that I have 
studied nor have variations been reported by 
workers from other of these species, and as the 
characteristics as they are now given are suf- 
ficient to separate the four forms, I have de- 
cided for the time to maintain them as four 
species. 

Acanthomysis borealis n. sp. 
Fig. 3 


Acanthomysis sp. Banner, Roy. Canad. Inst., 
Trans. 27: 101-102, pl. 6, figs. 17a—d, 1949. 


DESCRIPTION: Anterolateral corners of the 
carapace produced and acute. Rostrum tri- 
angular with acute tip reaching only to basal 
portion of ocular peduncle. 

Eyes similar to those of A. sculpta (Tatter- 
sall), 1.3 times as long as broad; corneas 
occupying distal 0.4, subhemispherical. Pe- 
duncle with very short dorsal papilla. 

Antennular peduncle 1.5 times length of 
eyes, slender, with first article slightly less 
than twice as long as broad. Basicerite of an- 
tenna with small but acute tooth; peduncle 
reaching only to end of first antennular article; 
squame 7 times as long as broad, with distal 
0.04 separated by usual articulation. 

Labrum with acute anterior process. Mouth- 
parts usual. 

Endopods of third to eighth thoracic legs 
with 5-7 secondary articulations in propodi; 
dactyli about 0.5 the diameter and length of 
distal propodal article. Basal plates of exopods 
with or without denticle. 

Abdomen with following grooves and folds: 


Segment 1: single fold in middle; two rounded 
grooves; 
Segment 2: single fold in middle; posterior 
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groove poorly defined; 

Segment 3: same as segment 2; 

Segment 4: single fold in middle; posterior 
groove better defined; 

Segment 5: heavy rounded ridge in middle, 
discontinuous over midline and projecting 
on either side of midline as rounded lobes; 
posterior to middle ridge a heavy fold, 
almost discontinuous over midline; near 
posterior margin another rounded ridge and 
groove, also discontinuous; posterior mar- 
gin projecting over base of segment 6 as 
rounded lobe; 

Segment 6: similar to segment 5, except 
ridges and folds are heavier and discon- 
tinuous over midline. 


Telson 1.8 times length of sixth abdominal 
segment, 3.5 times as long as broad. Lateral 
margins anteriorly convex for short distance, 
then concave, convex again in middle, and 
in posterior half slightly concave. Tip so nar- 
rowly truncate and meeting rounded lateral 
margins at such an angle that it at first appears 
rounded. Spines of anterior half of lateral 
margins subequal in length; those from mid- 
dle to near tip alternating between longer 
spines and groups of 2-6 shorter spines; in 
posterior tenth spines again subequal in 
length and 0.5 to 0.66 length of long spines 
in preceding portion. Posterolateral spines of 
tip slightly longer than lateral spines adjacent; 
median terminal spines 0.5 length of postero- 
lateral spines. 

Inner uropod 0.7 length of outer, slightly 
shorter than telson and bearing four spines 
near statocyst. 

SPECIMENS EXAMINED: Type specimen: A 
mature female 19 mm. long collected from 
the stomach of a cod by the U. S. Fish and 
Wildlife King Crab Investigation, No. C-108, 
off Port Moller, Bristol Bay, Alaska, in 20-22 
fathoms, May 6, 1941. U. S. National Mu- 
seum 95639. 

Paratype: an immature female, 15.5 mm. 
long, same data as type. 

DISCUSSION: These specimens agree well 
with the specimen from Olga Bay, Kodiak 
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Fic. 3. Acanthomysis borealis, n. sp. a, Anterior region, dorsal aspect; b, sixth thoracic leg; c, abdomen, lateral 
view; d, uropod (statocyst spines are on other side of inner uropod); e, telson; f, tip of telson. (a, b, d, e, scale 


A; ¢, scale B; f, scale C.) 


Islaud, Alaska, described by me as Acantho- 
mysis sp. in 1949. (In the description of this 
species |p. 102] there is a typographical error: 
the telson is 1.7 mm. long instead of 0.7 mm. 
long.) There are slight differences in rropor- 
tions as, for example, those of the eyes, 
squame, and telson; the dorsal papilla of the 
ocular peduncle was not observed previously; 
and there are slight differences in the rugae 
and folds of the abdomen. But as the general 
configurations are similar and the distal end 
of the telsons are almost identical, and as the 
Kodiak specimen is markedly immature, the 
differences are not considered to be enough 
to warrant separation of the two forms. 


The Kodiak specimen was left unnamed, 
as it was felt that without mature specimens 
too much faith should not be placed in its 
characteristics. This specimen shows that the 
distinguishing characteristics, especially the 
telson, are not influenced by growth. It is 
unfortunate that there are no mature males 
available, but the unique telson should be 
adequate to separate this species from related 
species, whether male or female specimens 
are examined. 


As discussed under A. alaskensis, there are 
now seven species in the genus Acanthomysis 
with rugose abdomens. Some of the character- 
istics of those species are discussed under A. 
alaskensis; here it will suffice to say that all 
other members of the group have plainly 
truncate telsons with relatively straight sides 
immediately proximal to the truncation and 
that in all of them the posterolateral spines 
of the telson are markedly larger than the 
spines immediately adjacent on the lateral 
margins. In this species, on the other hand, 
the posterior margin of the telson is so in- 
decisively truncate that it appears rounded, 
and the posterolateral spines are only slightly 
larger than the adjacent spines. Other char- 
acteristics can be used to supplement these 
differences—the large medial spines found on 
the tip of the telson in A. sculpta, the dorso- 
ventrally compressed eye in A. alaskensis, etc. 
(see Table 1). 


Thysanoessa raschi (M. Sars) 


Thysanopoda raschii M. Sars, Vidensk. Selsk. 
Christiania, Forhandl., 1863, p. 83. 
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Thysanoessa raschii Banner, Roy. Canad. Inst., 
Trans. 28: 27, pl. 3, figs. 22a-b, 1950. 
[Includes synonymy.] 


SPECIMENS EXAMINED: Arctic Research Lab- 
oratory: No. 341, plankton tow off Point Bar- 
row, July 25, 1948; MacGinitie, collector. 
Four specimens. 

No. 482, washed ashore near Point Barrow, 
Sept. 20, 1949; MacGinitie, collector. Six 
specimens. 

No. 661, same as No. 482, Sept. 20, 1949. 
One specimen. 

No.?, plankton tow near Point Barrow, 
Alaska, 1:30 P.M., Oct. 31, 1949; MacGinitie, 
collector. One specimen. 

No.?, from gullet of Sabine gull, Elson 
Lagoon, Point Barrow, Alaska, Oct. 31, 1949; 
MacGinitie, collector. One specimen. 

No. 489, Point Barrow Base, Alaska, July 
24, 1950; Wiggins, collector. Eight specimens. 

King Crab Investigation: C-108, C-109, Point 
Moller, Alaska, May 6, 1941, thousands of 
specimens from the stomachs of about 15 cod 
(Gadus macrocephalus) each on two separate 
samplings. Some of the cod had between 500 
and 1,000 euphausids in their stomachs. 

C-117, C-119, Cape Seniavin, Alaska, May 
8, 9, 1941, less than 1,000 specimens from 
one pollock (Theragra chalcogramma) and 
three cod stomachs. 

DISCUSSION: The specimens listed are with- 
in the previously known range. It is notable 
that no other euphausid was found in the 
cod and pollock stomachs. This is similar to 
the role Thysanoessa inermis (Krdyer) played in 
the food of the 23 whales from Akutan (Ban- 
ner, 1950: 27). The difference in food may be 
due to the fact that T. raschi is an inshore 
species, whereas T. inermis is more commonly 


found beyond the margin of the continental 
shelf. 


Thysanoessa longipes Brandt 


Thysanoessa longipes Brandt, Middendorft’s 
Reise .. . 2(1): 128, pl. 6, figs. 1-4, 1851. 
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Banner, Roy. Canad. Inst., 
Trans. 28: 21, 1950. 


SPECIMENS EXAMINED: Arctic Research Lab- 
oratory: No. 662, washed ashore, Point Bar- 
row, Sept. 26, 1949; MacGinitie, collector. 
One specimen. 

No. 663, same data as above, Sept. 27, 
1949. About 25 specimens, all immature. 

No.?, same data as above, July 20, 1950. 
Two specimens. 

DISCUSSION: This species was known pre- 
viously from the Point Barrow region on the 
basis of only two specimens reported by 
Schmitt (1919: 8b). 


Thysanoessa inermis (Krdyer) 


Thysanopoda inermis Krdyer, Gaimard’s Reise, 
pl. 7, fig. 2a, 1846. 

Thysanoessa inermis Banner, Roy. Canad. Inst., 
Trans. 28: 24, pl. 3, figs. 23a-b, 1950. 
[Includes synonymy.] 


SPECIMENS EXAMINED: Arctic Research Lab- 
oratory: No.?, along shore, Point Barrow Base, 
July 20, 1950; MacGinitie, collector. One 
specimen. 

No.?, gullet, Sabine gull, Elson Lagoon, 
Point Barrow, Aug. 26, 1950; MacGinitie, 
collector. Three or four specimens, frag- 
mentary. 

No. 489, beach at Point Barrow Base, July 
24, 1950; Wiggins, collector. One specimen. 

DISCUSSION: This species also was reported 
from the Point Barrow region by Schmitt 
(1919: 8b). 


TYPE MATERIAL OF PREVIOUSLY 
DESCRIBED SPECIES 


In my previous study of mysids and eu- 
phausids from this region, I published names 
and descriptions of a number of new species 
for which I did not designate any particular 
specimen as the type for the species. The 
type specimens have now been selected from 
the series that were used in drawing up the 
descriptions (lectotypes, therefore, from a co- 
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typic series) and have been deposited in the 
United States National Museum. The follow- 
ing is the pertinent information about these 
types. 


MYSIDACEA 


Boreomysis kincaidi Banner (1948a: 362). Inter- 
national Fisheries Commission haul 2005c, 
51°15’N., 130°25’W., 700, 800, 900 M., 
Mar. 19, 1941. U. S. N. M. 95627. 

Euchaetomeropsis pacifica Banner (19484: 386). 
International Fisheries Commission haul 
1911a, 51°00’N., 130°00’W., 100, 200, 300 
M., Dec. 31, 1940. U. S. N. M. 95628. 

Caesaromysis vanclever Banner (19484: 389). 

Type (male): International Fisheries Com- 
mission haul 22b, 58°59’N., 150°58’W., 
150, 250 M., Jan. 30, 1928. U. S. N. M. 
95629. 
Allotype (female): International Fisheries 
Commission haul 1267c, 52°00’N., 130°- 
24’W., 700, 800, 900 M.., Jan. 7, 1935. 
U. S. N. M. 95630. 

Acanthomysis nephrophthalma Banner (19485: 
93). Type (male): International Fisheries 
Commission haul 1284c, 53°47’N., 134°- 
02’W., 700, 800 M., Jan. 10, 1935. U. S. 
N. M. 95631. 

Allotype (female): Same as type. U.S.N.M. 
95632. 

Acanthomysis davisi Banner (1948): 95). Type 
(male): Friday Harbor, Washington, sur- 
face waters near shore, Aug. 2, 1937, col- 
lected by Charles C. Davis. U. S. N. M. 
95633. 

Allotype (female): Same as type. U.S.N.M. 
95634. 

Acanthomysis sculpta (Tattersall) var. nuda 
Banner (19484; 100). Makah Bay, Wash- 
ington, shallow water near beach, Sept. 4, 
1940, collected by A. H. Banner. (Note: 
this is not a subspecies but the designation 
of an infrasubspecific entity.) U. S. N. M. 
95635. 

Mysidella americana Banner (19485; 109). In- 
ternational Fisheries Commission haul 
1935b, 52°00’N., 131°14’W., 500, 600 M. 
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(net hit bottom), Jan. 13, 1941. U. S. N. M. 
95636. 


EUPHAUSIACEA 


Thysanopoda dubia Banner (1950: 9). Interna- 
tional Fisheries Commission haul 1997a, 
51°41’N., 131°02’W., 100, 200, 300 M.., 
Feb. 17, 1941. U. S. N. M. 95637. 
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Review of Mrs. Sinclair’s 
“Indigenous Flowers of the Hawaiian Islands” 
Hawaiian Plant Studies 23' 


HAROLD ST. JOHN? 


INTRODUCTION 


IN 1885 THE FIRST BOOK with color pictures 
of Hawaiian flowering plants was printed in 
London. It contained 44 plates and showed 
45 species said to be native to the Hawaiian 
Islands. It was written and illustrated by Mrs. 
Francis (Isabella) Sinclair, Jr. It is a large and 
pretentious book, of folio size, with full-page 
plates. Even today it has more color plates 
of Hawaiian plants than any other book. 
While the writer was studying plants re- 
cently collected on the island of Niihau, this 
book was carefully scrutinized, and the at- 
tempt is here made to document the source 
of the plants illustrated. As this was the first 
book dealing solely with the flora of the 
Hawaiian Islands, it did not pass unnoticed. 
At least two brief reviews of it were printed. 
Doubtless it was the editor of the Journal of 
Botany, James Britten (1886: 27), who re- 
viewed it, giving a brief account in three 
sentences. Besides stating that it was a nicely 
printed book and quoting from the preface 
the observation that the native vegetation was 
fast disappearing, he commented, ‘Mrs. Sin- 


1 This is the twenty-third of a series of papers de- 
signed to present descriptions, revisions, and records 
of Hawaiian plants. The preceding papers have been 
published in Bernice P. Bishop Mus., Occas. Papers 
10(4), 1933; 10(12), 1934; 11(14), 1935; 12(8), 1936; 
14(8), 1938; 15(1), 1939; 15(2), 1939; 15(22), 1940; 
15(28), 1940; 17(12), 1943; Calif. Acad. Sci., Proc. IV, 
25(16), 1946; Torrey Bor. Club, Bul. 72: 22-30, 1945; 
Lloydia 7: 265-274, 1944; Pacific Sci. 1(1): 5-20, 1947; 
Brittonia 6(4); 431-449, 1949; Gray Herb., Contrib. 
165: 39-42, 1947; Pacific Sci. 3(4): 296-301, 1949; 
Pacific Sci. 4(4): 339-345, 1950; Bernice P. Bishop 
Mus., Occas. Papers 20(6): 77-88, 1950; Pacific Sci. 
6(1): 30-34, 1952; Pacific Sci. 6(3): 213-255, 1952; 
and No. 22 is in press. 

2 Department of Botany, University of Hawaii. 
Manuscript received May 18, 1953. 


clair does not profess to be a botanist, but 
she is evidently an observer, as is shown not 
only by her drawings, but by the simple de- 
scriptions which accompany them.” A second 
review appeared in Berlin. The editor of the 
magazine was E. Koehne, but the reporter 
for Plant Geography of Europe, the section 
concerned, was J. E. Weiss (1889). In two 
sentences he merely stated the nature and 
coverage of the book and that it was illus- 
trated, and he abstracted the statement that 
the flora was becoming extinct. Since these 
two reviews were merely cursory, and since 
the flora of Niihau has long been imperfectly 
known, it has seemed worth while to make a 
critical review and evaluation of Mrs. Sin- 
clair’s ‘Indigenous Flowers of the Hawaiian 
Islands.” 

The island of Niihau was sold in 1864 by 
King Kamehameha V to Mrs. Francis Sin- 
clair, Sr., for her two sons, J. and F. Sinclair. 
It continued in the family, being transferred 
to Aubrey Robinson, to the Estate of Aubrey 
Robinson, and now to his heirs. 

In addition to the sheep and cattle ranch 
operated on Niihau, the Sinclair family ac- 
quired land at Makaweli, Kauai. Mrs. Francis 
Sinclair, Jr., was the daughter-in-law of the 
original settler, Mrs. Francis Sinclair (née 
Eliza McHutcheson). The daughter-in-law 
lived in the big house at Kiekie, Niihau, and 
at intervals at Makaweli, Kauai, from which, 
during the summer, she visited the adjacent 
mountains. There, about 1886, was built the 
Gay and Robinson mountain house at Kaho- 
luamanu, Kauai, on a cool mountain ridge 
between the Waimea and Olokele valleys at 
3,600 feet altitude. It is on the trail leading 
through the rain forests to the summit of 
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Waialeale. Mrs. Sinclair is not known to have 
had technical botanical training, but she had 
artistic ability and a love of flowers. Over the 
years she made a series of water color paint- 
ings of wild flowers and, as is remarkable for 
that period, saved herbarium specimens to 
validate them. These specimens she sent to 
the Royal Botanic Gardens, Kew, England, 
and she acknowledges the scientific identifica- 
tions of these, reported to her by the director, 
Sir Joseph D. Hooker. Having carefully ob- 
tained these scientific names and incorporated 
them, she prepared the book with colored 
lithograph plates and had it printed in Lon- 
don. The book, in small folio size, was well 
printed. It has a full title page and a dedica- 
tion ‘To the Hawaiian Chiefs and People who 
have been my most appreciative friends, and 
most lenient critics, this work is affectionately 
inscribed.”’ There is a two-page introduction, 
discussing the Hawaiian flora, climate, de- 
structive agencies, habitats, Hawaiian verna- 
cular names formerly generally known to the 
Hawaiian people, and the difficulties of flower 
painting in the tropics. It was signed at Ma- 
kaweli, Kauai, May, 1884. There is also a 
postscript, thanking Sir Joseph D. Hooker 
for the identifications, signed in London, 
February, 1885. From this it appears that when 
in London she finished the manuscript and 
oversaw the printing of the book. 

The table of contents lists the 44 plates and 
the common and scientific names of the 45 
plants illustrated. For each plate there is a 
page of text with a brief popular description 
of the plant, observations on its growth or 
occurrence, and uses. Often there are com- 
ments on similar or related plants that grow 
in New Zealand, the colony from which the 
Sinclair, Gay, and Robinson families had 
migrated to Hawaii. 

In the introduction Mrs. Sinclair stated 
clearly, “The following collection of flowers 
was made upon the islands of Kauai and 
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Niihau, the most northern of the Hawaiian 
Archipelago. It is not by any means a large 
collection, considering that the flowering 
plants of the islands are said by naturalists 
to exceed four hundred varieties. But this 
enumeration was made some years ago, and 
it is probable that many plants have become 
extinct since then.” 

The specimens corresponding to these plates 
are still in the herbarium at Kew near London. 
For geographic data they all bear simply the 
word Hawaii. Monographers of Hawaiian 
plant groups who have used the Kew Herb- 
arium have commonly studied and cited these 
specimens. Usually they are cited in their 
publications as from Hawaii, and often the 
monographer has interpreted this as meaning 
the island of Hawaii, not merely the Kingdom 
of Hawaii or the Hawaiian Islands as a group 
or archipelago. They have overlooked the pre- 
cise statement in Mrs. Sinclair’s book that all 
the plants were collected and painted in her 
home regions on Kauai and Niihau islands. 
The extensive flora of the island of Kauai is 
fairly well known, but that of the island of 
Niihau has been imperfectly known and little 
recorded. For these reasons it has seemed de- 
sirable to try to separate the Sinclair plant 
records into those from Kauai and those from 
Niihau. After long search no such written 
record has been found at Kew, or among the 
Robinson family libraries on Niihau or Kauai, 
or in their early manuscript journals. 

The only other method of sorting the plant 
records between Kauai and Niihau seems to 
be by consideration of the known botanical 
identity and geographic occurrence and by 
the Hawaiian vernacular names. The follow- 
ing analysis has been done by that method. 
On one line are listed the plate number, the 
vernacular name, and the scientific name as 
they occur in “Indigenous Flowers of the 
Hawaiian Islands,” and the currently accepted 
scientific name or redetermination. Any com- 
ments on the species are on following lines. 
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INTRODUCED ORNAMENTALS 


Pilikai. Ipomoea Turpethum R. Br. ? Stictocardia campanulata (L.) House 


This is generally accepted as native to India. The determination as I. Turpethum, which is now classed as 
Operculina Turpethum (L.) S. Manso, was a misdetermination of the specimen. S. campanulata has long 
been growing in the Islands, and it is a much-admired, cultivated ornamental. The first record of it was 
by Horace Mann, Jr., who botanized in the Islands in 1864 and 1865. He left no statement as to its 
habitat or occurrence. Dr. William Hillebrand (1888: 312), who lived and botanized in the Islands from 1850 
until 1871, knew the species on most of the Islands and reported, ‘Probably an escape from early cultivation.” 
Another view was taken by O. Degener (1932: family 307), ‘*. . . it seems more likely to be, indigenous or 
possibly of aboriginal introduction.’’ Nearly all of the collections have been made in ihe lowlands, and those 
that state a habitat almost invariably say roadsides. It is still cultivated and also occurs in the dry lowlands, 
mostly along roadsides. The writer agrees with Hillebrand that this species was introduced as an ornamental 
in recent times by foreigners. Mrs. Sinclair reported it as “usually found on the sea-coast but is also met 
with in the valleys a considerable distance inland. It grows most abundantly on the windward, or wet side 
of the islands.” 


EXOTIC ECONOMIC SPECIES IN EARLY CULTIVATION BY THE HAWAIIANS 


. Hau. Hibiscus tiliaceus Linn. Hibiscus tiliaceus L 


She reported it “found more or less in all parts of the islands from the sea-coast to an elevation of about 
one thousand feet.” 


. Kou. Cordia subcordata Lam. Cordia subcordata Lam. 


She said it was ‘‘strictly a lowland tree, seeming indeed to flourish best close to the sea-coast.’’ It was formerly 
plentiful but “generally near human habitations.” 


. Milo. Thespesia populnea Corr. Thespesia populnea (L.) Soland. ex Corr. 


She said it was “seldom found far from the abodes of men, .. . 


. Uala. Ipomoea Batatas Lam Ipomoea Batatas (L.) Poir. 


She reported it as cultivated in the Islands and indigenous or “introduced at such a remote period, that all 
record of the event is lost.” 


. Hoi. Dioscorea sativa Linn. Dioscorea bulbifera L. var. sativa Prain & Burkill. 


She reported it from rocky grounds and “growing equally well on the lowlands and at an elevation of a thou- 
sand feet.”’ 


Noni. Morinda citrifolia Linn. Morinda citrifolia Linn. 


Ohia-ai. Eugenia (Jambosa) malaccensis Linn. Eugenia (Jambosa) malaccensis Linn. 
She said it was “mostly found in sheltered valleys near streams.” 


INDIGENOUS OR ENDEMIC SPECIES KNOWN TO OCCUR ON KAUAI BUT NOT ON NIIHAU 


. Ohia-lehua. Metrosideros polymorpha Gaud. var. Metrosideros collina (Forst.) Gray 


var. glaberrima (Lévl.) Rock. 
If the glabrous appearance of the plant illustrated is to be trusted, this is probably the var. g/aberrima which 
is known on Kauai. Mrs. Sinclair describes this as ‘‘a low shrub a few feet in height . . . occurring on the 
high table-land of Kauai, about four thousand feet above the sea, . . .” 


. Ieie. Freycinetia arborea Gaud. Freycinetia arborea Gaud. 


She reported it “‘on the lowlands in wooded districts, but is found in greatest abundance at an elevation of 
from one to two thousand feet above the sea.”’ 


. Pioi. Smilax sandwicensis Kth. Smilax sandwicensis Kth. 


She said, ‘An upland vine, plentiful in the forest, a thousand feet and upwards above the sea.”’ 


. Nukuiwi. Strongylodon lucidum Seem. Strongylodon lucidus (Forst. f.) Seem. 


She reported it ‘‘mostly in warm valleys, from a few hundred to two thousand feet above the sea.” 


Puakauhi or awitiwiti. Canavalia ensiformis DC. ? Canavalia galeata (Gaud.) Gaud. ex Vogel, 

Linnaea 10: 584, 1836. 
This was a misdetermination, as C. ensiformis is an introduced crop plant, whereas C. galeata is an endemic 
wild species. Recently the writer (St. John, 1940: 231-233) adopted the combination C. galeata (Gaud. ) 
H. & A. The joint authors, Hooker and Arnott, described another species of Canavalia, gave the diagnostic 
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differences between it and Dolichos galeatus of Gaudichaud, and concluded that the latter species “is also a 
Canavalia.’’ The new International Code of Botanical Nomenclature, adopted at Stockholm in 1950 (Article 
42), renders invalid such binomials as not having been printed in juxtaposition. Hence, the clearly stated 
combination by Hooker and Arnott is now illegitimate, as nowhere, not even in the index, did they print 
the generic and specific names together. The first person to print the name in juxtaposition seems to have 
been Vogel in 1836. 


8. Kokio-keokeo. Hibiscus Arnottianus A. Gray forma. Hibiscus waimeae Heller. 
She found it ‘‘on the sides of rocky ravines, and is usually found from one thousand to two thousand feet 
above the sea level.” 

9. Kokio-ula. Hibiscus Arnottianus A. Gray forma. Hibiscus Kokio Hbd’ 

11. Hauhele. Hibiscus Youngianus Gaud. Hibiscus Youngianus Gaud 

13. Koali-ai. Ipomoea palmata Forsk. Ipomoea cairica (L.) Sweet var. hederacea Hall. f. 

19. Poolanui. Coreopsis cosmoides A. Gray. Bidens cosmoides (Gray) Sherff. 
She said, “It generally grows under the shade of open forest in the mountain regions at various heights 
above the sea, but seldom less than two thousand feet.”’ 

20. Ukiuki. Dianella ensifolia Red. Dianella sandwicensis H. & A. 
This was a misidentification. ‘The uki grows on the high lands, the cool air of the mountains seeming a 
necessity of its existence.” 

25. Kauila. Alphitonia excelsa Reiss. Alphitonia ponderosa Hbd. 
This was a misidentification with A. exce/sa of Australia. She said, ‘It is mostly found on the lee-sides of 
the islands, from two thousand to three thousand feet above the sea.” 

27. Kolokolo-kuahiwi. Lysimachia Hillebrandi Hook. fil. Lysimachia daphnoides (Gray) Hbd. 
Hillebrand himself made this determination and so cited the Sinclair plate. She said, ‘This plant is only 
found on the high lands of the interior, from three to five thousand feet above the level of the sea.”’ 

33. Ohenaupaka. Scaevola glabra H. & A. Scaevola kauaiensis (Degener) St. John. 
This was a misdetermination. She said, ““This is a native of the far misty mountains, from four to five thousand 
feet above the level of the sea, where for more than half the year it is wet with the mountian rains, and 
enveloped in the trade-wind clouds.” 

34. Iliahi. Santalum ellipticum Gaud. Santalum pyrularium Gray. 
This was a misdetermination. 

35. Nohuanu. Geranium cuneatum Hook. var. Geranium humile Hbd. var. kauaiense Rock. 
This was a misdetermination. It was “found on the high, bleak swamp-land of the interior, at an elevation 
of about four thousand feet above the sea.” 

36. Puahanui. Broussaisia pellucida Gaud. Now written Broussaisia pellucida Gaud. forma pellucida. 
It was ‘found only upon the wooded mountains from three thousand to four thousand feet above the sea, 
where it grows under the shade of the dense forest, and where the vegetation is almost constantly kept 
damp by rain or mist.” 

37. Akaakaawa. Hillebrandia sandwicensis Oliv. Hillebrandia sandwicensis Oliv. 
“It is found in the greatest profusion in shady and humid mountain ravines, near the misty spray of water- 
Bac. 

43. Akala. Rubus hawaiensis Gray ? Rubus hawaiiensis Gray. 
She reported it “is generally found growing near streams, or on damp ground, far in the cool mountains. 
It is rarely seen at a less elevation than three thousand feet.” 

44. Papala. Charpentiera ovata Gaud. var. ? Charpentiera ovata Gaud. 
She reported it ‘grows only upon the highlands from two to three thousand feet above the sea.” 

INDIGENOUS OK ENDEMIC SPECIES KNOWN ON BOTH KAUAI AND NIIHAU 

12. Koali-awahia. Ipomoea (Pharbitis) insularis Choisy. Accepted name now Ipomoea congesta R. Br, 
She reported this a most common plant, “not found in the forest but almost everywhere else, from the sea- 
coast to about two thousand feet elevation.” 
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16. Pohuehue. Ipomoea pescaprae Sw. Now written Ipomoea pes-caprae (L.) Swee: 


She reported it ‘‘rarely found far from the sea, and generally growing most luxuriantly on the bare sand-hil! 
immediately above high water mark, where the breakers actually reach its long runners. These runners ar: 
often one hundred yards in length, and one root will sometimes cover an acre of ground.”’ 


. Puakala. Argemone mexicana Linn. var. Now classed as Argemone alba Lestib. var. glauca Prai: 


She reported that it ‘‘grows indiscriminately on rich or poor soil, from the sea-coast to a height of about on« 
thousand feet . . . and is one of the few native plants which do not seem to decrease, growing apparentl; 
as strongly and profusely now as it did a century ago.” 


. Wiliwili. Erythrina monosperma Gaud. ? Erythrina sandwicensis Degener 


She reported it as “found in the driest districts, not only sustaining life, but growing luxuriantly where few 
other trees could exist.” 


. Nehe. Lipochaeta australis A. Gray var. Lipochaeta connata (Gaud.) DC. 


This seems to have been confused. Sherff (1935: 28, 32) identifies the Sinclair color plate as showing L. 
connata (Gaud.) DC. of the uplands of Kauai, and the present writer agrees that the plate is a good represen- 
tation of that species from Kauai. The validating specimen at Kew, collected by Mrs. Sinclair and labeled 
Hawaii, has, on the contrary, been made the type of L. profusa Sherff (1933: 95-96). Sherff wrote, “The type 
label gives ‘Hawaii’, where it is assumed that the island by that name, rather than the whole archipelago, 
later known as Territory of Hawaii, was meant.’ The same wording reappears in the later monograph by 
Sherff (1935: 32). The species L. connaia is known from Kauai, Maui, and Kahoolawe islands. The Sinclair 
painting was doubtless made of a specimen obtained on Kauai. Mrs. Sinclair sent to the Kew Herbarium in 
January, 1885, 49 plants, 6 of which were not illustrated or mentioned in her subsequent book. The remain- 
ing specimens tally almost exactly with those later included in her illustrated book. Those, she stated, were 
all from Kauai or Niihau. There is no known evidence that she collected plants on other islands of the Ha- 
waiian group. Since Lipochaeta profusa Sherff is known only from the type specimen collected in “‘Hawaii’’ 
by Mrs. Sinclair, it seems clear that it must have come either from Kauai or Niihau, but more probably 
from Niihau. 


. Ohai. Sesbania (Agati) tomentosa A. Gray. Now written Sesbania tomentosa A. Gray var. tomentosa. 


She reported, ‘‘It is a native of the lowlands on the leeward sides of the islands, where it flourishes best upon 
ground that is partially flooded by the heavy rains of winter.” This description applies well to lowlands 
on Niihau. 


. Mao. Gossypium tomentosum Nutt. Gossypium tomentosum Nutt. 


She reported that it was “only found on the lowlands.” 


. Aeae. Lycium sandwicense A. Gray. Lycium sandwicense A. Gray. 


She reported that it ‘is found upon low-lying damp ground on the margin of salt lagoons.” 


. Kolokolo. Vitex trifolia Linn. var. unifoliata. Current name Vitex trifolia Linn. var. simplicifolia Cham. 


She reported it as a helpful sandbinder, “sometimes found growing upon soil, but pure sand is its favourite 
locality.” 


. Nanea. Vigna lutea A. Gray. Now known as Vigna marina (Burm.) Merr. 


She reported it now rare, but “once plentiful on the lowlands.” 


28 (lower part). Hunakai. Ipomoea (Batatas) acetosaefolia Choisy. Now Ipomoea stolonifera (Cyrill) Gmel. 


30. 


31. 


38. 


From the complications of nomenclature, it is clear that the correct name of this species is now I. stolonifera 
(Cyrill) Gmel. She reported it growing “‘on the actual margin of the ocean, .. .”’ 

Nohu. Tribulus cistoides Linn. Tribulus cistoides Linn. 
She reported that it ‘‘usually grows near the sea; and although it may occasionally be found a few miles 
inland, yet it is only upon the sea coast that it attains full beauty of form and colour.” 

Kakalaioa. Caesalpinia Bonducella Flem. Now classed as Caesalpinia Bonduc (L.) Roxb. 


This plant with spiny pods with two to four gray seeds is now classed as C. Bonduc (L.) Roxb. She reported 
that “it generally grows in rocky places on the lowlands, .. .” 


. Naupaka. Scaevola Koenigii Vahl. var. Now classed as Scaevola frutescens (Mill.) Krause 


var. sericea (Forst. f.) Merr. 
This Hawaiian plant is now classified as S. frutescens (Mill.) Krause var. sericea (Forst. f.) Merr., though 
from the plate or the description one could not determine it to the variety. She reported, ‘‘It is always found 
close to the sea, often within reach of the waves.” 
Hialoa. Waltheria americana Linn. Waltheria americana Linn. 
She reported, ‘‘The hialoa grows everywhere on the lowlands: . . .” 











Indigenous Flowers of the Hawaiian Islands’"— St. JOHN 


39, Aalii. Dodonaea viscosa Linn. 
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Dodonaea s.p 


From the plate and the description, it is not possible to determine the plant to the species. However, it 
may well represent D. eriocarpa Sm. vat. obtusior Sherff, which occurs on both Kauai and Niihau. She reported 
that it ‘is mostly found in the dry districts of the islands, .. .” 


(2. Puapilo. Capparis sandwichiana DC. 


She reported that it “is found on the lowlands upon broken rocky ground... and. . 


Ga, 2. 


DISCUSSION 


Eliminating the one introduced ornamental 
and the seven species of aboriginal introduc- 
tion and cultivation, there remain 37 indig- 
enous Hawaiian plants described and illus- 
trated in color in Mrs. Sinclair's book. Of 
these 37 there are 23 species unknown to 
Niihau but certainly natives of Kauai. The 
remaining 15 species occur as natives on both 
Kauai and Niihau. These 15 are all abundant 
in the lowlands and occur near the old Sin- 
clair homestead at Kiekie on Niihau. Though 
they could have been obtained on Kauai, it 
seems probable that all or most of these 15 
were gathered, painted, and studied by Mrs. 
Sinclair during her long residence at the re- 
mote family home on Niihau. 

In 1950 the writer searched at Kew for 
records of the Sinclair collection from the 
Hawaiian Islands. A record was found that 
the specimens were received in January, 1885. 
In the file of collector’s lists, there were rec- 
ords of the Sinclair plants. There was a reprint 
of the published table of contents from the 
book, with the numbers and vernacular names 
as printed but lacking the scientific names. 
There was also a handwritten list of determi- 
nations of 49 plants which omitted the verna- 
cular names of 12 that were included in the 
book. This list included six additional plants 
not in the published book, as follows: 

Pittosporum confertiflorum A. Gray. Haolau- 
nui. This specimen was studied by Sherff and 
cited in his monograph as var. Mannii Sherff 
(1942: 557) and as coming from the locality 
Kaolaunui on the island of Hawaii. There is 
no such named and recorded locality on Ha- 
waii or Kauai. Because of its placement at the 
end of the line, just as the vernacular name 


Capparis sandwichiana DC, 
. On perpendicular 


“alahei”’ is at the end of the Plectronia odorata 
line, this word, “‘haolaunui,”” should be a 
Hawaiian vernacular plant name. None such 
has been recorded as yet, but the tree Rawvolfia 


sandwicensis is called “‘hao,”’ ‘‘lau’’ means leaf, 


and “‘nui’’ means large; therefore, this would 
be the “‘large-leaved hao.’ Because of the 
known source of her plant specimens, Mrs. 
Sinclair doubtless collected this one too on 
Kauai or Niihau, probably on Kauai. 

Pittosporum glabrum H. & A. Haolaunui. 
This specimen was determined and cited by 
Sherff (1942: 484) as P. acuminatum Mann 
or, as it now would be called, P. acuminatum 
Mann var. acuminatum. This variety was 
known only from Kauai, and Sherff cites the 
specimen as ‘‘Haolanlii (Kauai?—I cannot 
find this locality on maps; . . .”’ Again, this 
is obviously a Hawaiian vernacular name— 
the “hao with large leaves.” In this case he 
was doubtless correct in attributing the spec- 
imen to Kauai. 

Sida fallax Walp. Hawaii [Islands]. 

Rutacea? (Leafy fragment). Puajulo. This 
vernacular name is unknown today. The frag- 
ment is not known to have been identified. 

Sesbania grandiflora Poir. var.? Hawaii [Is- 
lands]. This ornamental is widely cultivated 
in the Islands. 

Plectronia odoratum H. & A. Alahei. This is 
now classed as Canthium odoratum (Forst.) 
Seem., and its well-known Hawaiian verna- 
cular names are now written ‘‘walahee’’ and 
““alahee.”’ 

It is obvious that Mrs. Sinclair had no good 
paintings of these five species. Hence, they 
were not included in her book. They are dis- 
cussed here in order to establish their origin 
from the island of Kauai or Niihau, not from 
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the island of Hawaii. The two species of 
Pittosporum and the Rutaceae were certainly 
from Kauai; the Canthium probably was too; 
the cultivated Sesbania and the native Sida 
may have been on either Kauai or Niihau. 
It probably should be pointed out that Niihau, 
though with a mountainous upland, is rather 
low, the highest point being 1,281 feet in 
altitude. Besides being too low to get a heavy 
rainfall, the island is situated exactly in the 
lee of the large island, Kauai, and thus has 
little chance of rain during the prevailing 
trade-wind weather. Though this upland was 
once forested, the indications are that the 
trees were small and of the dry, lower forest 
type. Kauai is a higher island with the broad 
summit of Waialeale attaining 5,080 feet al- 
titude. Its rainfall there is 451 inches annually, 
probably the maximum of precipitation that 
can be taken from these clouds. In conse- 
quence, as these same clouds drift over Niihau, 
only 40 miles to the leeward, there is little or 
no rain ready to fall on a small ridge only 
1,281 feet high. These geographic and me- 
teorologic facts are the basis for the present 
interpretation that all of the Sinclair plants 
which are of the rain-forest type must cer- 
tainly have come from Kauai. 

The vernacular names of Hawaiian plants 
as recorded by Mrs. Sinclair are of some in- 
terest. She could have learned them locally 
or she could have compiled them. For light 
on the latter possibility, the writer has checked 
those books or accounts by explorers or bot- 
anists published previous to her book. The 
following published no Hawaiian vernacular 
names: Cook; Chamisso; Lay and Collie; 
Meyen; Nuttall; Brackenridge, Pickering, 
Peale, Rich, and their commander Wilkes; 
Wawra; and Mann and Brigham. There were 
other collectors during this period from 1788 
to 1885, but the following published nothing 
during this century: Menzies; Bloxam; Doug- 
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las; Macrae; Didrichsen; Rémy; and Hille- 
brand; though some of them published late; 
or their works were later issued posthum- 
ously. The following recorded no native 
names, even on their specimens: Menzies; 
Chamisso; Lay and Collie; Nuttall; Macrae; 
and Wawra. Almost without exception the 
writer has searched the records for vernacular 
names, either in the published works of these 
early collectors or on the original specimens. 
Mrs. Sinclair's record of Hawaiian vernacular 
names is sufficiently different in wording or 
in spelling, so that it is perfectly clear that 
she obtained these common names from the 
Hawaiian native people in her vicinity on 
Kauai or Niihau islands. 
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Studies in the Fruit Flies of the Philippine Islands, Indonesia, and Malaya 
Part I. Dacini (Tephritidae—Diptera)' 


D. ELMO HARDY AND MARIAN S. ADACH? 


THIS PAPER DEALS with the fruit flies of the 
tribe Dacini occurring in the Philippine Is- 
lands, Indonesia, and Malaya. It is based 
largely upon the material which was collected 
in these areas as part of the biological control 
of the Oriental fruit fly (Dacus dorsalis Hendel) 
project in Hawaii. This has been a co-opera- 
tive project conducted by various agencies in 
the Territory of Hawaii, the University of 
California, and the United States Department 
of Agriculture, Bureau of Entomology and 
Plant Quarantine. The taxonomic studies have 
dealt with the fruit fly species which have 
been encountered by the field men while 
searching for parasites which might be effec- 
tive against the species which occur in Hawaii. 
The material from three major areas of the 
Pacific and southeast Asia has been treated 
in this one paper, as the fruit fly faunas of 
these regions show such close affinities. By 
this combination a much more complete pic- 
ture can be given of the evident migratory 
routes, speciation, and patterns of variation. 
In this respect the study has been especially 
valuable in gaining a better understanding of 
the Dacus (Strumeta) dorsalis complex of spe- 
cies. To make this paper more complete and 
usable, keys and descriptive information are 
given to the known genera and subgenera 
and to all the (recognizable) species known 
to occur in the Philippines, Indonesia, and 
Malaya. 

The collections, consisting of many thou- 
sands of specimens, were made almost en- 

1 Published with the approval of the Director of the 
Hawaii Agricultural Experiment Station as Technical 
Paper No. 297. Manuscript received May 6, 1953. 

2 Entomologist and Research Assistant, respectively, 


Hawaii Agricultural Experiment Station, University of 
Hawaii, College of Agriculture, Honolulu, Hawaii. 


tirely by N. L. H. Krauss and Q. C. Chock, 
the Territory of Hawaii Board of Agriculture 
and Forestry, and F. E. Skinner and G. An- 
galet, U. S. Department of Agriculture. We 
are greatly indebted to these men for the 
thorough sampling they made of the Dacini 
occurring in the areas where the exploratory 
work was being conducted. The phenomenal 
success which has been achieved in the bio- 
logical control of the Oriental fruit fly in 
Hawaii is a direct result of the work done in 
Malaya by N. L. H. Krauss. During the pe- 
riod from April, 1948, to May, 1949, he sent 
in several hundreds of thousands of puparia 
(predominantly Dacus dorsalis) to the Board 
of Agriculture and Forestry, and from this 
material the three species of Opius parasites 
(O. oophilus Fullaway, O. vandenboschi Fulla- 
way, and O. Jongicaudatus (Ashmead) —para- 
sites of eggs, young larvae, and mature larvae, 
respectively; this is also the order of their 
importance as parasites of Dacus dorsalis) were 
recovered which have eifected such a marked 
reduction in the populations of D. dorsalis 
throughout the Hawaiian Islands. 

The generic and subgeneric concepts and 
the terminology are the same as those used 
by Hardy (1951). We do not approve of the 
splitting of Dacus s./. into genera based only 
upon single chaetotaxic and secondary sexual 
characters; we consider these units as sub- 
genera. 

Some of the Walker types of Dacus in the 
British Museum (Natural History) collection 
were studied by Dr. K. L. Knight (Malaria 
and Mosquito Control Unit No. 1, U. S. 
Naval Air Station, Jacksonville, Florida) in 
September, 1946, and his notes (in the U. S. 
National Museum) were made available to us 
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by Dr. Alan Stone. The information which 
he supplied has helped us place some of 
Walker's inadequately described species and 
has been a great help to this study. We are 
very appreciative of this assistance and also 
of the wholehearted co-operation given us by 
Dr. Stone and Dr. R. H. Foote of the U. S. 
Department of Agriculture, Division of In- 
sect Detection and Identification. 


KEY TO THE GENERA AND SUBGENERA 
OF DACINI 


1. Mesonotum with transverse depression or 
furrow connecting lateral sutures. Basal 
section of vein Mi+2 deeply incurved into 
cell 1st Mz (Fig. 30d). Fourth section of 
costa (cell R.) not over 0.5 as long as third 
section (cell Sc), and vein Cui+ 1st A 
abbreviated. Sides and hind margins of 
each humerus sloping gradually into re- 
mainder of mesonotum so there is no 
distinct demarcation of the callus. Front 
femora with two to four spines beneath 
(fig. 30e)........Monacrostichus Bezzi 


Not as above (the front femora of a few 
species of Ca/lantra may be spined)...2 


2. Abdominal terga conspicuously wider than 
long, segments one to four at least twice 
PETC eT eT er reese 3 


Abdominal terga as long as wide... 
Callantra? (Polistomimetes) Enderlein 


3. Antennae very elongate; second and third 
segments combined about equal to vertical 
length of head, and length of entire an- 
tenna greater than combined length of 
front and face. First antennal segment 
equal in length to second and at least 0.5 
as long as face (Fig. 1c). Abdomen strong- 
ly clavate and petiolate (Fig. 2c), with a 
prominent hump on each side of first seg- 
ment; first segment parallel sided or nar- 
rower at its apex than at its base. Abdomen 
strongly arched from a lateral view, and 
suture between segments three and four 
markedly concave. Ovipositor tubular in 
Serre Callantra Walker 
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Antennae comparatively short, first sey- 
ment usually not over 0.5 as Jong as sec- 
ond and less than 0.25 as long as face; 
entire antenna usually about equal to or 
shorter than front. Abdomen not strongly 
petiolate, first segment tapered from base 
to apex, usually about twice as wide at 
apex as at base; with no well-developed 
tubercles and not noticeably arched in side 
view. Suture between segments three and 
four straight or nearly so. Ovipositor usu- 
ally flattened dorsoventrally........ 

pet csapeeueaael Dacus Fabricius s. /. 3a 


3a. Scutellum with one pair of bristles . 3b 


Scutellum with two pairs of bristles 


PET RET TOT e TTT CLT ere ae 
3b. Prescutellar bristles absent. ...... 3c 
Prescutellars present............ 3g 


3c. Anterior supraalar bristles present. 3d 


Anterior supraalars absent.......... 
nea ....Dacus (Daculus) Speiser 


3d. Third abdominal tergum of male with 
a row of cilia on each side. . 
..Dacus (Neodacus) Perkins 


Third tergum without rows of cilia. . 
..Dacus (Nesodacus) Perkins 


3e. Prescutellar bristles present...... . 3f 


Prescutellar bristles absent. 
.Dacus (Paradacus) Perkins 


3f. Third abdominal tergum of male cili- 
ated and a supernumerary lobe present 
NS 6 nigiue sina sue senses 
ionen Dacus (Zeugodacus) Hendel 


Third tergum without rows of cilia 
and no supernumerary lobe in male 
wing.Dacus (Paratridacus) Shiraki 


3g. Third abdominal tergum of male cili- 
aned...... Dacus (Strumeta) Walker 


Third tergum not ciliated. . —— 
eee Dacus (Gymnodacus) Munro 
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CALLANTRA Walker 


Callantra Walker, 1860, Linn. Soc. London, 
Proc. 4: 154. 

Mellesis Bezzi, 1916, Bul. Ent. Res. 7: 114. 

Calantra Hendel, 1914, Wien Ent. Zeit. 33: 74. 


On the basis of the material which has 
been: studied to date this appears to be a 
distinct genus. It can be distinguished from 
Dacus s. 1. by the following characters. The 
antennae are much more elongate, the second 
and third segments combined are about equal 
to the vertical length of the head (Fig. 24); in 
Dacus the two segments combined are about 
0.5 or 0.6 as long as the head. In Ca//antra the 
first antennal segment is elongate and equal 
to the second and nearly equals the visible 
portionof the palpi; in Dacusthe first segmentis 
much shorter than the second and is scarcely 
over 0.25 as long as the visible palpi. In 
Callantra the abdomen is strongly clavate and 
petiolate, and a prominent hump is present 
on each side of the petiole (base of first seg- 
ment). The flies are markedly wasp-like in 
appearance. The abdomen is strongly arched 
from a lateral view and is hollowed out be- 
neath. The ovipositor is cylindrical instead of 
flattened dorsoventrally, as is usual in Dacus. 
Callantra also has no prescutellar bristles and 
no supernumerary lobe in the wing of the 
male. 

Malloch (19394: 410) considers this a sub- 
genus of Dacus, and it is entirely possible 
that, when the group has been studied in 
detail throughout its geographic range, most 
of the above characters will intergrade with 
Dacus. 

GENOTYPE: Callantra smieroides Walker. 

Nine species of Ca//antra are known from 
the regions covered in this study. Just two, 
however (C. smieroides Walker and C. Jongi- 
cornis (Wiedemann)), were represented in the 
collections studied, and as the original de- 
scriptions of some of the species do not give 
enough information it has not been possible 
to devise a satisfactory key to the species at 
this time. 
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The following have also been recorded 
from these regions: 

C. axana Hering, 1938, Deut. Ent. Ztschr., 
410, pl. II, fig. 4. Type locality: Key Island. 

C. bioculata (Bezzi), 1919, Philippine Jour. 
Sci. 15(5): 437-438, pI.II, fig. 4. Type locality: 
Luzon, Philippine Islands. 

C. conopsoides (de Meijere), 1911, Tijdschr. 
v. Ent. 54: 378-380. Type locality: Java. 
Misspelled ‘‘Conopoides’’ by Bezzi, 1919, Phil- 
ippine Jour. Sci. 15(5): 438, 440. 

C. nummularia (Bezzi), 1919, Philippine 
Jour. Sci. 15(5): 441-442, pl. II, fig. 6. Type 
locality: Luzon, Philippine Islands. 

C. pedunculata (Bezzi), 1919, Philippine 
Jour. Sci. 15(5): 439-440, pl. II, fig. 5. Type 
locality: Luzon, Philippine Islands. 

C. splendida Perkins, 1938, Roy. Soc. 
Queensland, Proc. 49: 136-137. Type locality: 
Java. 

C. subsessilis (Bezzi), 1919, Roy. Soc. 
Queensland, Proc. 49: 435-436, pl. II, fig. 
3. Type locality: Panay, Philippine Islands. 


Callantra longicornis (Wiedemann) 
Fig. 1 


Dacus longicornis Wiedemann, 1830, Auss 
Zweifl. Ins. 2: 524. 

Bactrocera vespoides Doleschall, 1859, Na- 
tuurk. Tijdschr. Nederland. Indié 17: 123. 


This species fits in a distinct group of 
Callantra distinguished by the presence of a 
pair of strong spines on the underside of the 
front femora near their apices (Fig. 1d). We 
know of only one other named species (C. 
conopsoides (de Meijere)) which possesses this 
character. We do, however, have on hand an 
apparently unnamed species from India which 
has these spines. C. /ongicornis is closely re- 
lated to C. conopsoides (de Meijere), but it 
differs from de Meijere’s description as fol- 
lows: The legs are almost entirely yellow to 
rufous, not with the femora and tibiae chiefly 
blackish brown; the face has a moderately 
small brown to black spot in each antennal 
furrow, not with black markings on the oral 

















e, extended ovipositor. 


margin; the thorax is chiefly rufous, not dark 
reddish brown to blackish brown; the abdo- 
men is without distinct black crossbands, ex- 
cept for a narrow band across the base of the 
fifth tergum; also, the wings are apparently 
much more intensely fumose in /ongicornis. 
The female has not been adequately de- 
scribed. The color is predominantly rufous 
and the body rather thickly covered with fine 
yellow pile, except for the gray pile on the 
pleura. Head: Front scarcely longer than wide, 
with no dark markings except for a moderately 
large velvety black spot on each side of the 
lower margin (to the sides of the lunule). No 
inferior fronto-orbital bristles and only one 
small pair of superior fronto-orbitals are pres- 
ent. The frontal calli are clearly defined and 
extend about 0.5 the length of the front. The 
face has a brown spot in each antennal furrow. 
The antennae are yellow to brownish red, and 
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0.6mm 


Fic. 1. Callantra longicornis (Wiedemann). a, Apex of piercer; b, wing; c, lateral view of head; d, front femur; 


the proportions are typical of the genus. The 
occiput is entirely yellow. Thorax: The yellow 
transverse stripe over each mesopleuron is 
narrow, scarcely as wide as the notopleural 
callus. The yellow on the mesopleura con- 
tinues onto the sternopleura for a short dis- 
tance; it also continues over the notopleura 
and along the lateral sutures, extending 0.33 
of the way across the mesonotum on each side 
and interrupted by red coloration in the me- 
dian portion. No postsutural yellow vittae 
are present on the mesonotum. The scutellum 
is yellow with a brownish-red band across its 
base. One pair of scutellar bristles and three 
pairs of supraalars are present. Prescutellars 
are lacking. Legs: Entirely pale except for a 
brown tinge on the undersurface of the hind 
femora. Two strong black spines are present 
on the underside of each front femur (Fig. 1¢). 
Wings: Entirely pale yellow to brown fumose. 
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The first two costal cells are yellow brown 
and are densely covered with microtrichia. 
The brown costal band is very broad through- 
outits length; it extends through most of cell Rs 
(Fig. 14). No brown fumosity is present in 
the cubital area. The narrowed portion of the 
cubital cell is about 1.66 as long as that por- 
tion from the apex of the cell to the wing 
margin. Abdomen: Strongly petiolate and typ- 
ical of the genus as we have defined it above. 
Chiefly reddish, slightly tinged with brown, 
marked with black only at the base of the 
fifth tergum and with a brown to black vitta 
extending longitudinally over the median por- 
tion of this segment. The apex of the second 
tergum has a moderately broad band of gray 
pubescence. The abdomen is strongly convex 
above and hollowed out below; the basal seg- 
ment of the ovipositor is almost completely 
hidden within this hollow. Ovipositor: Very 
short, when fully extended (Fig. le) it meas- 
ures approximately 3.67 mm. The basal seg- 
ment measures about 1.15 mm. long by 1.0 
mm. wide at its widest point. The spiracles 
are situated 0.25 mm. from the anterior lateral 
margins of the segment. The inversion mem- 
brane is 1.35 mm. long by 0.23 mm. wide 
at its widest point. The rasper extends to 
within 0.52 mm. of the base of the segment. 
The piercer is very strangely developed, dif- 
fering from any that we have studied in that 
the apical portion is flattened laterally. The 
apex is serrated, and no preapical setae are 
visible (Fig. 14). The piercer measures about 
1.17 mm. long by 0.13 mm. wide at its widest 
point. 


Length: Body, 8.0-10.0 mm.; wings, 7.0- 
7.5 mm. 


TYPE LOCALITY: Java. The type of vespoides 
was from Amboina. 


Type in the Universitetets Zoologiske Mu- 
seum, Kopenhagen. 

The female described here is labeled ‘‘Am- 
bon 2.08”’; this is a different spelling for Am- 
boina, and the specimen was probably 
collected by F. Muir. 
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Callantra smieroides Walker 
Fig. 2 


Callantra smieroides Walker, 1860, Linn. Soc. 
London, Proc. 4: 154. 

Callantra smicroides Bezzi, 1916, Bul. Ent. Res. 
7: tae. 


This species has been adequately described 
by Malloch (19394: 411), except for a few 
details, but has not been figured. It is ap- 
parently most closely related to Callantra so- 
lomonensis (Malloch) (19396: 236) but is 
distinguished by its predominantly black ab- 
domen and antennae and dark-colored legs; 
it also lacks the prominent hump on the fifth 
abdominal segment (Fig. 2c) which is char- 
acteristic of solomonensis (see Malloch Joc. cit., 
238, fig. 2). His figureisofa female specimen, 
and the hump is even more pronounced in 
the male specimen which we have on hand. 

Malloch apparently had but one female 
specimen before him, and a few details can 
be clarified. He described the thorax as chiefly 
brownish black; in the large series at hand 
the mesonotum and scutellum are reddish, 
tinged with brown, blackened just before the 
scutellum and behind the humeri. The pleura 
are dark reddish brown to black except for 
the yellow hypopleura and the vertical stripe 
on the mesopleura. The metanotum is black 
except for the brownish-red median portion. 
The hind femora and tibiae are dark brown- 
ish, the others are rufous tinged with brown. 
The wings are as shown in Figure 24. Ab- 
domen: The first tergum is brown to black 
with a narrow yellow band at the apex, the 
extreme lateral margins of the first segment 
are yellow. The second tergum is reddish 
tinged with black, slightly yellowish along 
the apical margin; this apical portion is cov- 
ered with fine gray pubescence. The remainder 
of the terga are black, except for the yellow 
apex of the fifth and a large yellow spot in 
the middle of the hind margin of the fourth 
tergum. The sterna each have a row of rather 
long black hairs along their apical margins. 
Ovipositor: The visible portion, beyond the 
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Fic. 2. Callantra smieroides Walker. a, Wing; b, lateral view of head; c, lateral view of abdomen; d, extended 


ovipositor; e, apex of piercer. 


apex of the abdomen, is shorter than the 
length of the fifth segment. The basal seg- 
ment of the ovipositor is largely concealed in 
the concave underportion of the abdomen. 
The extended ovipositor is 7.8 mm. long 
(Fig. 2d). The base is about 2.0 mm. long; 
the rasper segment is about 3.2 mm. long 
and the piercer is 2.6 mm. The rasper occupies 
the median portion of the eighth segment; 
it is 0.56 mm. long and is situated about 1.32 
mm. from the base of the segment and about 
1.32 mm. from the apex. The scales of the 
rasper are sharply pointed. The piercer is 
straight sided to the apex of the oviduct, and 
beyond this it tapers to a sharp point. The 
opening of the oviduct is situated about 0.56 
mm. from the tip of the piercer. At its broad- 
est point the piercer is about 0.19 mm. in 
width. The preapical setae are very tiny and 


are not visible except under high magnifica- 
tion (Fig. 2e). 

Length: Body, 9.0-10.0 mm.; wings, 8.0 
9.0 mm. 

TYPE LOCALITY: Makassar. 

Type in the British Museum. 

Several hundred specimens have been stud- 
ied from Tamparuli, Borneo, Jan. to June, 
1951, ex Luffa acutangula and cucumber (F. 
E. Skinner and G. Angalet). 

Opius angaleti Fullaway may be a parasite 
of this species; it has been reared from fruits 
infested with both this species and Dacus 
(Zeugodacus) hageni de Meijere. 


CALLANTRA? (POLISTOMIMETES) 
Enderlein, n. comb. 


Polistomimetes Enderlein, 1920, Zool. Jahrb. 
Syst. 43: 358. 
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The exact position of these wasp-like flies 
is unknown, but the group may possibly be 
a subgenus of Ca//antra. Enderlein’s brief de- 
scription states that the abdominal segments 
are as long as wide, the abdomen is slightly 
less attenuated (stalked) than in Ca/lantra and 
not swollen, globose (‘‘Kugelig angeschwol- 
len’). The first antennal segment is as long 
as wide and the second is about 2.5 times 
as long as wide, otherwise as in Ca/lantra. 
This brief definition does not fit Polistomi- 
metes satisfactorily within our concept of Ca/- 
lantra. This may possibly be a Dacus related 
to the subgenus Neodacus Perkins. Hering 
(1941: 2) included it under Ca/lantra in his 
key. 


GENOTYPE: Polistomimetes minax Enderlein. 


KEY TO ALL KNOWN SPECIES OF 
CALLANTRA? (POLISTOMIMETES) 


1. Head and thorax clear yellow, face un- 
marked. Costal band yellow except for a 
dark-brown spot at apex of vein Rs. Cell R; 
not narrowed in apical portion. Third ter- 
gum of abdomen with a poorly developed, 
faint, median longitudinal vitta. Basal half 
of ovipositor strongly swollen (ellipsoid). 
| minax (Enderlein) 


Front margin of face black. Costal band 
brown in apical half of costal cell (cell Re») 
and through apex of wing; band expanded 
at apex, extending to upper portion of m 
crossvein, through apical third of cell Mo. 
Cell R; strongly narrowed in apical third. 
Terga three to five with a broad black 
median vitta. Ovipositor base not swollen, 
straight sided. (Sumatra) ...... ne 
TROP E OPEL eo .infestus (Enderlein) 


Callantra? (Polistomimetes) infestus 
(Enderlein ) 


Polistomimetes infestus Enderlein, 1920, Zool. 
Jahrb. Syst. 43: 359. 


This is distinguished from the only other 
known species in this group by the characters 
given in the key. 
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Length: Body, 9.0 mm.; wings, 8.0 mm. 

TYPE LOCALITY: Deli, Sumatra. 

Type possibly in the Museum f. Natur- 
kunde, Stettin. 

We have not seen this species. 


Dacus (DACULUs) Speiser 


Daculus Speiser, 1924, Beitr. Tierk. Konigs- 
berg, 140. 


This subgenus differs from D. (Strumeta) 
by lacking prescutellar and anterior supraalar 
bristles. It has not been recorded from the 
area covered in this report, but on the evidence 
we now have it appears that Dacus discipennis 
Walker (from Moluccas) probably belongs 
here. 

GENOTYPE: Dacus oleae (Gmelin). 


Dacus (Daculus) discipennis 
Walker, n. comb. 


Dacus discipennis Walker, 1861, Linn. Soc. 
London, Proc. 5: 294. 


This species appears to be very close to 
D. (Daculus) murrayi (Perkins) from Australia; 
both have broad costal bands and cubital 
streaks in the wings, the band fills all of cell 
R;. The only difference which we can find, 
from the original description of discipennis, is 
that the mesonotum is all black except for 
the two postsutural yellow vittae. In murrayi 
the mesonotum is chiefly rufous with a faint 
tinge of brown in the ground color; it is 
obviously a much paler species. 

Dr. K. L. Knight examined a specimen of 
discipennis in the British Museum and supplied 
enough details for us to place it under Daculus. 
He confirmed that the prescutellar and an- 
terior supraalar bristles are lacking and that 
the third abdominal segment of the male has 
cilia on the sides. 

TYPE LOCALITY: Batchian, Moluccas. 

Dr. Knight said the type (female) was not 
in the British Museum (‘‘at least not labeled 
so”). One male specimen “‘labeled discipennis 
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in what is probably Walker's handwriting, 
data: Moluccas, Buchan. C. W. Saunders, B. 
M. 1868-4.” 

We have not seen this species. 


Dacus (GYMNODACUS) Munro 


Dacus (Gymnodacus) Munro, 1938, Roy. Soc. 
London, Proc., ser. B, Tax. 7(5): 117. 


This subgenus is distinguished from D. 
(Strumeta) only by the lack of rows of cilia 
on each side of the third abdominal tergum 
of the male. 

GENOTYPE: Dacus mesomelas Bezzi. 


Dacus (Gymnodacus) calophylli 
(Perkins and May) 


Asiadacus calophylli Perkins and May, 1949, 
Queensland Univ., Dept. Biol. 2(14): 16- 
18, fig. 8. 

Dacus (Gymnodacus) calophylli (Perkins and 
May) Hardy, 1951, Pacific Sci. 5(2): 130, 
figs. 6a~b. 


This species has been adequately described 
and figured in the above references. This is 
the first time it has ever been recorded outside 
the type area. 

TYPE LOCALITY: Cairns, Queensland. 

Type at the University of Queensland. 

Sixteen specimens are on hand from Singa- 
pore, Malaya, May, 1949, ex Calophyllum 
inophyllum (N. L. H. Krauss). 


Dacus (NEODACUS) Perkins 


Neodacus Perkins, 1937, Roy. Soc. Queens- 
land, Proc. 48(9): 58. 

Asiadacus Perkins, 1937, Roy. Soc. Queens- 
land, Proc. 48(9): 57. 

Dacus (Neodacus) Perkins, Hardy, in press, 
Wash. Ent. Soc., Proc. 


The subgenus Neodacus differs from Dacus 
(Strumeta) only by lacking prescutellar bristles. 

GENOTYPE: Dacus (Neodacus) newmani 
(Perkins). 
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Dacus (Neodacus) bakeri (Bezzi) 


Chaetodacus bakeri Bezzi, 1919, Philippine Jour. 
Sci. 15(5): 426-428. 

Dacus (Neodacus) bakeri (Bezzi) Hardy, in 
press, Wash. Ent. Soc., Proc. 


This species has been adequately described 
in the references cited above. Itis differentiated 
from other Dacus (Neodacus) which have the 
costal band expanded into a large apical spot 
by having the mesonotum extensively marked 
with black and with just two postsutural yel- 
low vittae. 

TYPE LOCALITY: Davao, Mindanao, host 
unknown. 

Type in the U. S. National Museum. 

We have not seen this species. 


Dacus (NESODACUS) Perkins, n. comb. 


Nesodacus Perkins, 1937, Roy. Soc. Queens- 
land, Proc. 48(9): 57. 


This subgenus is most closely related to 
Dacus (Neodacus), differing only in the absence 
of a row of cilia on the sides of the third 
abdominal tergum of the male. It also is close 
to Dacus (Dacus), differing only in having a 
supernumerary lobe in the wing of the male. 
It is differentiated from Dacus (Strumeta) by 
the absence of prescutellar bristles and by the 
absence of cilia on the third tergum of the 
male. This genus was not represented in the 
specimens which were studied, but a key to 
the species is included to make this paper 
more complete. The species /ongicaudatus 
(Perkins) is known only from the type female, 
and there is some question as to whether it 
belongs in Dacus (Nesodacus) or Dacus (Neo- 
dacus). 

GENOTYPE: Chaetodacus atrichus Bezzi. 


KEY TO ALL THE KNOWN SPECIES OF 
Dacus (NESODACUS) 


1. Costal band not expanded at wing apex. 
(Philippine Islands)................. 2 


Costal band enlarged apically, forming a 
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large spot in apex of wing. (Malaya).... 
aches veauene longicaudatus (Perkins) 


~ 


2. Abdomen entirely black . 
in peed ee ablepharus | (Renal) ‘3a 


Abdcemen reddish, with black crossbands 
..atrichus (Bezzi) 2a 


2a. Front black spotted. Face of male en- 
tirely black, that of female with two 
lateral spots and a median black spot 
just below antennae; smaller species, 
body 4.5—5.0 mm. 
..atrichus, atrichus (Bezzi) 


Front without spots. Face of female 
with just two black spots [male un- 
known]. Larger species, body 6.0 mm. 

..atrichus var. davaoanus (Bezzi) 


3a. A black crossband present at vertex. 
Face of both sexes with a broad black 
band across lower portion......... 


..ablepharus ablepharus (Bezzi) 


No complete band across vertex. Face 
of female [male unknown] with two 
black spots. . 

ablepharus v; var.  mindanees (Bezzi) 


Dacus (PARADACUS) Perkins, n. comb. 


Paradacus Perkins, 1938, Roy. Soc. Queens- 
land, Proc. 49(11): 143. 


This subgenus is very similar to D. (Zeugo- 
dacus) except that prescutellar bristles are ab- 
sent. There appear to be just three described 
species which fit in Paradacus. Hering’s place- 
ment (19526: 266) of Zeugodacus pendleburyi 
Perkins under this combination was probably 
an error. [See under Dacus (Zeugodacus) 
pendleburyi.| Paradacus minimus Hering (Joc 
cit.) should very probably also belong in 
Zeugodacus. 

GENOTYPE: Paradacus fulvipes Perkins. 


KEY TO ALL KNOWN SPECIES OF 
Dacus (PARADACUS) 


1. Mesonotum with three postsutural yellow 
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vittae. Wings with a brown transverse 
marking in median portion. (Moluccas) 
Pees enn hake been perplexus Walker 


Mesonotum with two postsutural yellow 
vittae. Wings without transverse markings 


2. Abdomen chiefly pale reddish brown, 
third tergum black only along anterior 
margin and slightly darkened on sides; 
fourth and fifth terga all rufous except for 
indistinct discolorations on sides. Cross- 
vein m slightly infuscated. (Borneo)... . 
silat 02s, cone acdc rea fulvipes (Perkins ) 


Third to fifth terga black with a yellow 
submedian spot on each side. The m 
crossvein not infuscated. (Lesser Sunda 
Islands)... ..minimus (Hering) 


Dacus (Paradacus) fulvipes 
(Perkins), n. comb. 


Paradacus fulvipes Perkins, 1938, Roy. Soc. 
Queensland, Proc. 49(11): 143-144, fig. 8. 


This species is apparently closely related to 
D. minimus (Hering) and is separated by the 
paler coloring of the abdomen and the slightly 
fuscous m crossvein, as stated in the above 
key. There are probably other more satisfac- 
tory characters for separating these, but they 
are not evident in the original descriptions. 
Perkins’ wing photograph is very poor and 
is of little value in distinguishing his species. 

Length: Body, 6.0-6.5 mm.; wings, 5.5 
6.0 mm. 

TYPE LOCALITY: Bettolan, N. Borneo. 

Type in the Selangor Museum. 

This species is known only from the type 
male. 


Dacus (Paradacus) minimus 
(Hering), n. comb. 


Paradacus minimus Hering, 1952, Naturf. Ges- 
ell. in Basel, Verhandl. 63: 42-43, fig. 1. 


From Hering’s discussion of this it would 
appear to fit just as well in Dacus (Zengodacus) 
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as in D. (Paradacus). His unique specimen 
possessed a strong hair on the right side of 
the mesonotum in the position of the pre- 
scutellar bristles; this was lacking, however, 
on the left side. It seems to be very close to 
D. fulvipes (Perkins) and is separated by its 
predominantly black abdomen and by the 
lack of fuscation along the m crossvein. 

Length: Wing, 4.9 mm. 

TYPE LOCALITY: Reo, West Flores. 

Type in the Naturhistorischen Museum, 
Basel. 

This species is known only from the type 
female. 


Dacus (Paradacus) perplexus Walker 
Fig. 3 


Dacus perplexus Walker, 1862, Linn. Soc. Lon- 
don, Proc. 6: 14. 
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Paradacus perplexus Walker, Perkins, 1939, 
Queensland Univ., Dept. Biol. 1(10): 33- 
34, pl. 1, fig. 3. 


This species is readily distinguished from 
all known Dacinae by the unusual wing mark- 
ings (Fig. 3d). The following description is 
supplemental to that given by Perkins. Thorax: 
The three yellow vittae on the mesonotum 
are very broad and extend to the hind margin 
of the mesonotum on the specimen at hand. 
Perkins indicated that the lateral vittae ex- 
tended to the inner posterior supraalar bristles 
and that the medjan vitta was short. On our 
specimen, the median stripe begins at the 
scutellum; it is slightly wider at this point 
than the area normally set off by the pre- 
scutellar bristles; it is strongly narrowed as 
it extends anteriorly beyond the suture and 
blends into a very narrow rufous line which 








Fic. 3. Dacus (Paradacus) perplexus Walker. a, Mesonotum; b, extended ovipositor; c, apex of piercer; ¢, wing. 
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extends to the front margin of the mesonotum 
(Fig. 3a). The mesonotum and scutellum are 
densely covered with moderately long yellow 
pile. Wings: As in Figure 3d. The costal cells 
and the radial cell are entirely yellow, the 
second section of the costa is densely covered 
with microtrichia. Cell M is slightly yellowish, 
especially around its margins. The narrowed 
portion of the cubital cell is about 1.25 times 
as long as that portion from the apex of the 
cell to the wing margin. Abdomen: Almost all 
rufous with a rather faint brown vitta extend- 
ing longitudinally over the median portion 
of terga three to six. Ovipositor: The basal 
segment, in situ, is about equal in length to 
the fifth abdominal segment, as viewed from 
above. The extended ovipositor (Fig. 34) is 
about 6.63 mm. long. The piercer is about 
2.08 mm. long by 0.26 mm. wide at its widest 
point. The apex is rather blunt, and two pairs 
of long and two pairs of short preapical setae 
are present; the elongate pair are situated 
about 0.025 mm. from the apex (Fig. 3c). The 
opening of the oviduct is situated about 0.26 
mm. from the apex. The inversion membrane 
measures about 2.47 mm. by 0.47 mm. at its 
widest point. The rasper extends to within 
about 1.35 mm. from the base of the segment. 
The basal segment (seventh) is 2.08 mm. long 
by 1.56 mm. wide at its widest point. The 
spiracles are situated about 0.4 mm. from the 
anterior corners of the segment. 


Length: Body, 10.0-11.0 mm.; wings, 
9.0 mm. 


TYPE LOCALITY: Gilolo. 


The type was not designated and is prob- 
ably the female specimen mentioned by Per- 
kins (loc. cit.) which is in the Australian 
National Museum, Melbourne; this had been 
labeled, by Walker, ““Dacus implexus.’’ The 
single specimen in the British Museum is a 
male; Walker's description was based upon 
a female. 

The female specimen described above is 
labeled ‘‘Halamaheira, T. Barbour.” 


Dacus (PARATRIDACUS) Shiraki 


Paratridacus Shiraki, 1933, Taihoku Imp. 
Univ., Faculty Sci. and Agr., Mem. 8(2): 
109-110. 

Dacus (Paratridacus) Shiraki, Hardy, 1951, 
Pacific Sci. 5: 140. 


This subgenus is differentiated from Dacus 
(Zeugodacus) only by secondary sexual char- 
acters in the males; the males lack the row of 
cilia on each side of the third abdominal 
tergum and the supernumerary lobe in the 
wing. 

GENOTYPE: Dacus (Paratridacus) expandens 
Walker. 


Dacus (Paratridacus) expandens 
Walker 


Dacus expandens Walker, 1859, Linn. Soc. Lon- 
don, Proc. 3: 114. 

Bactrocera garciniae Bezzi, 1913, Indian Mus., 
Mem. 3: 97. 

Dacus yayeyamanus Matsumura, 1916, Thou- 
sand Ins. of Japan, Addit. 2: 412. 


This species has been adequately described 
and figured by Hardy (1951: 140-142). 

TYPE LOCALITY: “Aru Islands’ (Aroe Is- 
lands). 

Type in the British Museum (Natural 
History). 

A series of typical expandens are on hand 
from the following localities. Philippine Is- 
lands: Luzon, Sept.—Oct., 1947 (Q. C. Chock); 
Bataan, Oct., 1947 (L. T. Karganilla). 


Dacus (Paratridacus) expandens melanius 
n. subsp. 
Fig. 4 


The specimens which we have seen from 
Malaya are consistently darker in color than 
are the typical D. expandens. The subspecies 
melanius is distinguished by having the meso- 
notum extensively blackened. In the fully 
hardened (colored) specimens the area be- 
tween the lateral yellow vittae is entirely black, 
except for a brief interruption, just behind 
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Fic. 4. Dacus (Paratridacus) expandens melanius n. 
subsp. Mesonotum. 


the suture, caused by a yellowish vitta which 
extends from this point to the anterior margin 
of the mesonotum. The area just in front of 
the suture, on each side, has a moderately 
large black spot which continues to the hu- 
merus. The inner margin of each of these 
black spots is produced into a vitta which 
extends to the anterior margin of the meso- 
notum at the outer scapular bristle (Fig. 4). 
In other details this subspecies appears to 
conform with the typical expandens. 

Holotype male and allotype female, Singa- 
pore, Malaya, May, 1949, ex fruit of Garcinia 
dulcis (N. L. H. Krauss); 75 paratypes, 25 
males and 50 females with the following data: 
same as type; Kuala Lumpur, Feb.—Mar., 
1949, ex Garcinia dulcis (N. L. H. Krauss). 

Type, allotype, and a series of paratypes 
deposited in the U. S. National Museum. The 
remainder of the paratypes are being distrib- 
uted to the following collections: British Mu- 
seum, Bernice P. Bishop Museum, Hawaiian 
Sugar Planters’ Association, the University of 
Hawaii. 

Dacus (STRUMETA) Walker 


Strumeta Walker, 1856, Linn. Soc. London, 
Proc. 1: 33. 

Dasyneura Saunders, 1841, Ent. Soc. London, 
Trans. 3: 60 (nec Rondani, 1840). 
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Chaetodacus Bezzi, 1913, Indian Mus., Mem. 
3: 93. 

Dacus (Marquesadacus) Malloch, 1932, Bernice 
P. Bishop Mus., Bul. 98: 145. 

Sinodacus Zia, 1936, Chinese Jour. Zool. 2: 
157. New synonymy. See discussion under 
Dacus (Strumeta) hochii (Zia). 

Dacus (Strumeta) Walker, Hardy, 1951, Pac- 
ific Sci. 5: 142. 


The members of this subgenus are char- 
acterized by one pair each of scutellar, pre- 
scutellar, and anterior supraalar bristles, a row 
of cilia on each side of the third tergum of 
the male, and a supernumerary lobe in the 
wing of the male. 

GENOTYPE: Dacus (Strumeta) umbrosus Fa- 
bricius. 


KEY TO SPECIES AND VARIETIES OF 
Dacus (STRUMETA) 


1. Wings with one or more complete cross- 
bands (Figs. 104 and 22a).... 


Wings without complete crossbands, 
with not more than infuscations over 
IE ET, OE ee 3 


2. Wings with 3 complete crossbands and 
a distinct costal band (Fig. 224) (wide- 
spread through the southwest Pacific). . 

caeaads umbrosus Fabricius 


Wings with one crossband and without 
a distinct costal band (Fig. 104) (Sol- 
omon Islands, New Britain, Micronesia, 
I soy 03s wsias frauenfeldi Schiner 


3. Wings infuscated only on costal margin 
and through cubital area; costal band 
may be enlarged into an apical spot. . .7 


Wings with brown infuscations over one 
or both crossveins..... 


RN 


. Mesonotum with no postsutural yellow 
vittae. (Malaya)... .tillyardi (Perkins) 


Mesonotum with 3 yellow vittae......5 


5. The r-m crossvein with a distinct brown 
infuscation. Costal band broad and not 
strongly expanded at apex but extending 


a cn 
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9. 


10. 


ER. 


2Z. 


to vein Mi+2. Two pairs of inferior fronto- 
orbital bristles present. (Flores)....... 
Sacn STE ate Anon persignatus (Hering) 


The r-m crossvein clear or very faintly 
infuscated. Costal band expanded into 
a large apical spot, extending only about 
halfway through cell Rs. Three pairs of 
inferior fronto-orbital bristles present. .6 


_ Face with a transverse band of black. 


) | eres transtillum (Hering) 


Face with the usual black spots in an- 
tennal furrows. (Widespread)......... 
Catt. Ae, POR cucurbitae Coquillett 


. Mesonotum with no postsutural yellow 


as 9 stv eico chests sed. Doula mae QA 


Mesonotum with yellow vittae.......9 


. Costal band greatly expanded into a large 


brown spot which fills apical fourth of 
the wing. Face with a transverse band of 
black across middle. (China, Indonesia) 
SBM ROBE Mtoe thoccsitn ee hochii (Zia) 


Costal band not enlarged. Face with the 
usual black spots. (Java)............. 
s ppiannememacen obscuratus de Meijere 


Mesonotum with 3 postsutural yellow 
vittae. Wings with a large apical spot. 
eer apicalis de Meijere 


Mesonotum with 2 postsutural yellow 
SE eae set hewn s Kaw adeweaturen 10 


Face with a black transverse band. (For- 
mosa, Borneo, Malaya). . . cilifer Hendel 


Face without such a band..........11 


Face with the usual black spots in an- 
tennal furrows or entirely brown to 


EE aalek 4 4-0neanens 
Face entirely yellow........ 


Humeri and postalar calli joined by a 
broad yellow band. Costal band extends 
to vein M,+2 and expanded in wing apex. 
(Philippine Islands) .continuus (Bezzi) 


13. 


om 


16. 


17. 
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Humeri and postalar calli not joined by 
a yellow band. Costal band not extending 
to vein M+. a 


Mesonotum chiefly or entirely rufous 
with yellow marks. Costal band extend- 
ing to vein Mj+2. Wings of males with 
a peculiar bulla developed above cubital 
vein (Fig. 16d ). (Philippine Islands and 
Malaya)...........megregori (Bezzi) 


Mesonotum black except for yellow 
markings. Wings probably not as above. 
(Java).........impunctatus de Meijere 


. Costal band very broad, extending along 


top edge of vein R,+s filling all or almost 
all of cell R3...... nce 


Costal band scarcely, if at all, extending 
into cell Rs, except at wing apex ... 16 


Face brown to black, obscuring spots in 
antennal furrows, front and middle fem- 
ora and abdomen blackish. (Malaya). . . 
.......migrotibialis var. lata (Perkins) 


Face, all femora, and abdomen chiefly 
yellow to rufous. (Philippine Islands). . 
Pe Seer e rey limbiferus (Bezzi) 


Front and middle femora chiefly or en- 
tirely yellow. Postsutural yellow vittae on 
mesonotum extending to or beyond in- 
ner supraalar bristles. Shining areas on 
fifth tergum rufous... . 19 


Front and middle femora chiefly brown 
to black. Postsutural yellow vittae ending 
in front of inner supraalar bristles. Shin- 
ing areas on fifth tergum black. . 17 


Face largely yellow, with distinct black 
spots which extend to oral margin (Fig. 
15+). Abdomen marked with yellow at 
least on second tergum, and yellow vittae 
on mesonotum not strongly narrowed 
behind except in pectoralis Walker ..18 


Face brown to black, therefore the black 
spots in antennal furrows not clearly de- 
fined. Abdomen all black, and yellow 
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18. 


19. 


20. 


vittae On Mesonotum pointed posteriorly 
(Fig. 184). (Malaya)................. 
osseeeees.....Migrotibialis (Perkins) 


Facial spots small, not reaching oral mar- 
gin. Abdomen black except for a pale 
band on apex of second tergum. Meso- 
notum with 3 longitudinal, gray pollinose 
stripes. (Aroe Island) . pectoralis Walker 


Facial spots large, extending to oral mar- 
gin. Abdomen chiefly yellow to rufous 
(Fig. 15¢). Mesonotum with 2 gray stripes 
(Philippine Islands)........ 
Lcntuan me meared luzonae n. sp. 


Abdomen entirely rufous. Wings with 
apical spot. Front about as broad as one 
eye. (Southeast Asia) .latifrons (Hendel ) 


Abdomen with brown to black markings. 
Wings without apical spot. Front nar- 
Ie ogc TNE, CoP ct eck ge GaNa rica, cag 20 


Ovipositor trilobed at apex (Fig. 21c). 
| errr. propinquus n. sp. 


Ovipositor normal, not trilobed (Fig. 
| ee rr errr re 21 


. Median portion of mesonotum yellow to 


SA Ae Se eee ee: 22 


Median portion of mesonotum black . 23 


”. Tibiae fulvous. Third section of costa 


(stigma) about 1.5 times as long as sec- 
ond section (Fig. 114). Ovipositor very 
elongate, over 9.0 mm. extended; apex 
trilobed (Fig. 11c). Large species, body 
8.0-9.0 mm. (Indonesia, Solomon Is- 
lands, New Britain) . . froggatti (Bezzi) 


Front and hind tibiae brown to black. 
Third costal section scarcely longer than 
second (Fig. 54). Ovipositor short and 
stubby, about 3.5 mm. extended. Apex 
of piercer sharp pointed (Fig. 5d ). Small- 
er species, body 6.0-6.4 mm. (Malaya) 
LE RE ye Tee ee eee ee arecae n. sp. 


. In situ, basal segment of ovipositor 


(measured from above) slightly longer 
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than fifth abdominal segment; extended 
Ovipositor approximately 6.0 mm. (Ma- 
laya, Phillipine Islands, Indonesia)... . 

ee errr rer pedestris (Bezzi) 


Basal segment of ovipositor about 0.75 as 
long as fifth abdominal segment; extend- 
ed ovipositor not more than 4.7 mm. 24 


. Ovipositor very abruptly tapered beyond 


opening of oviduct (Fig. 174). (Borneo) 
ee oT eee eee Te muiri n. sp. 


Ovipositor not as above............25 


. Extended ovipositor 4.5-4.7 mm., apex 


narrowed to a slender point (Fig. 82). 
Postsutural yellow vittae on mesonotum 
broad, parallel-sided, and extending 
slightly beyond inner supraalar bristle. 
At least middle tibiae all yellow...... 

baneaee eae eee ae dorsalis Hendel 25a 


Ovipositor very short, fully extended 
2.9-3.4 mm., apex tapered gradually and 
comparatively broad (Figs. 6a, 9a). Yel- 
low vittae on mesonotum wedge-shaped, 
ending before inner supraalar bristles. 
Tibiae all discolored with brown..... 26 


25a. Costal band not extending below 
vein R; except at apex of wing. 
(Widespread over Orient and Pacif- 
ic) ..... dorsalis dorsalis Hendel 


Costal band extending along under- 
side of vein R; throughout its length. 
(From the Philippines to Malaya). 
..dorsalis var. occipitalis (Bezzi) 


. Basal segment of ovipositor (1.1 mm.) 


longer than inversion membrane (0.91 
mm.) or piercer (0.91 mm.). Piercer 
broader (0.18 mm. wide) (Fig. 9a), and 
rasper extending to within 0.15 mm. of 
base of inversion membrane. Apical third 
of each femur brownish and humeri bor- 
dered with red. (Philippine Islands). . 

Pudini ene eee eae dorsaloides n. sp. 


Basal segment (1.0 mm.) shorter than 
inversion membrane (1.21 mm.) or pierc- 
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er (1.2 mm.). Piercer narrower (0.13 mm. 
wide) (Fig. 62) and rasper extending to 
within 0.36 mm. of base of inversion 
membrane. Femora yellow to rufous and 
humeri bordered with black. (Philippine 
RS ea cognatus n. sp. 


Dacus (Strumeta) apicalis de Meijere 


Dacus apicalis de Meijere, 1911, Tijdschr. v. 
Ent. 54: 376. 


This species appears to be distinguished 
from other Strumeta which occur in this region 
by having three postsutural yellow vittae, the 
crossveins without infuscation, and the costal 
band enlarged into a large apical spot. 

TYPE LOCALITY: Sindanglaja, Java. 

Type in the Zoologisch Museum, Am- 
sterdam. 

We have not seen this species. 


Dacus (Strumeta) arecae n. sp. 


Fig. 5 


This species is very similar to D. dorsalis 
Hendel, differing chiefly in its smaller size 
and consistently paler color. The short, stubby 
ovipositor will readily distinguish the species. 
The anterior median portion of the meso- 
notum is yellow to rufous in arecae and is 
black in dorsalis. The thorax is marked with 
yellow brown to brown but usually has no 
black markings on the specimens of arecae 
which are at hand. The portions of the pleura 
and metanotum which are black in dorsalis 
are yellow brown in arecae. The third section 
of the costa (stigma) is distinctly shorter in 
arecae than in dorsalis. In arecae the second 
costal section measures 21 marks on our ocu- 
lar micrometer, whereas the third section 
measures approximately 25 marks (Fig. 5a). 
In dorsalis the second measures 21 and the 
third about 35 (Fig. 84). This species is also 
close to D. froggatti (Bezzi) (refer to discus- 
sion under that species). 

MALE. Head: Front rufous to yellow with 
no frontal spots. Two pairs of inferior fronto- 


orbital bristles and one pair of superior fronto- 
orbitals are present. The occiput is chiefly 
yellow, just faintly discolored with a brownish 
tinge on the hind portion. The black facial 
spots are large and are quadrate to oval in 
shape. The third antennal segment is dark 
brown at the apex and on the outside surface 
and is slightly longer than the face. All the 
head bristles are black. Thorax: The front 
margin of the mesonotum is polished yellow. 
A broad yellow to rufous vitta extends from 
inside the outer scapular bristles to just be- 
yond the suture. The vitta is slightly inter- 
rupted medianly by a faint brown line extend- 
ing from the suture to just before the inner 
scapular bristles. The median pale vitta is 
bordered on the sides by a line of brown 
which runs from the dark spots behind the 
humeri to the outer scapular bristles (Fig. 54). 
A narrow yellow vitta also extends from the 
posterior margin of the mesonotum, between 
the prescutellar bristles, to a point just before 
the suture, indistinctly connecting with the 





Fic. 5. Dacus (Strumeta) arecae n. sp. a, Wing; 4, 
mesonotum; ¢, extended ovipositor; d, apex of piercer. 
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broad pale vitta over the front portion. The 
dark colors on the thorax vary from pale 
brown to blackish brown but are not jet black 
as in dorsalis. Legs: The coxae and trochanters 
are yellowish tinged with brown. The front 
and hind tibiae are brown to black. The mid- 
dle pair are yellow on their apical halves. The 
femora are yellow except for a large brown 
spot on the outside dorsal surface of the apical 
third of each front femur. Wings: As in dorsalis 
except for the shorter third costal section 
(stigma) (Fig. 5a). The costal cells are hya- 
line, and the costal band is not attenuated at 
apex (refer to discussion under D. froggatti 
(Bezzi)). Abdomen: As in dorsalis, but the 
markings are more brown in color. 

Length: Body, 6.0-6.4 mm.; wings, 5.1 mm. 

FEMALE. As in the male except for genital 
characters. Ovipositor: The exposed portion of 
the ovipositor is slightly shorter than the fifth 
abdominal segment. The extended ovipositor 
(Fig. 5c) measures 3.5 mm. in length. The 
basal segment is approximately 1.3 mm. long 
by 1.0 mm. wide at its broadest point. The 
spiracles are situated about 0.31 mm. from 
the base of the segment, measured on the 
lateral margins. The inversion membrane is 
about 1.2 mm. long by 0.3 mm. wide at its 
widest point. The rasper extends to within 
0.26 mm. of the base of the segment. The 
piercer is about 1.0 mm. in length by 0.21 
mm. wide at its widest point. The apex of the 
oviduct is about 0.23 mm. from the tip of the 
piercer. The preapical setae are small and in- 
conspicuous, the four pairs are equal in size 
(Fig. 5d), and the distal setae are approxi- 
mately 0.07 mm. from the tip of the piercer. 
In dorsalis the distal two pairs of setae are 
much more strongly developed than are the 
proximal pairs. 

Holotype male, allotype female, and 29 
paratypes, 19 males and 10 females: Singa- 
pore, Malaya, May, 1949, ex fruit of Areca 
catechu. Also, four paratypes, two males and 
two females, Beranang, Selangor, Malaya, 
June, 1948, ex Areca catechu. One male spec- 
imen is also on hand from Singapore, May, 
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1949, ex Canangium odoratum; it is not being 
designated as a paratype. 

The type, allotype, and a series of paratypes 
are in the U. S. National Museum. The te- 
mainder of the paratypes are in the following 
collections: Bernice P. Bishop Museum, Ha- 
waiian Sugar Planters’ Association, Territorial 
Board of Agriculture and Forestry, and the 
University of Hawaii. 


Dacus (Strumeta) cilifer Hendel 


Dacus cilifer Hendel, 1912, Suppl. Ent. 1: 15, 
pl. 1, fig. 1. 


This species is distinguished by the black 
transverse band across the face, the all-black 
abdomen, and by the elongate ovipositor, the 
basal segment of which is equal in length to 
abdominal segments three to five. It has been 
adequately described by Hendel and by Shi- 
raki (1933: 71-73). 

Length: Body, 4.0-6.5 mm.; wings, 3.5 
6.0 mm. 

TYPE LOCALITY: Formosa. Host, Momordica 

cochinchinensis Sprengel. 

Type in the Deutsches Entomologisches 
Institut. 

We have not seen this species. Perkins 
(1938: 127) recorded it from North Borneo 
and Malaya. 


Dacus (Strumeta) cognatus n. sp. 
Fig. 6 


This species is very close to D. dorsalis 
Hendel and can be separated satisfactorily 
only by the ovipositors. If the specimens are 
fully hardened, the markings of the mesono- 
tum and abdomen appear to be distinctive. 
The postsutural yellow vittae on the meso- 
notum are wedge-shaped and end slightly be- 
fore the inner supraalar bristles. The area 
around the inner supraalar is yellow brown 
and contrasts with the bright-yellow coloring 
of the vittae. In dorsalis the vittae are broad, 
parallel sided, and the inner supraalars are 
included within their boundaries. The sides 
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of the abdomen of cognatus are extensively 
blackened, the tibiae are all discolored with 
brown, and the specimens are consistently 
smaller than dorsalis. The ovipositor is dis- 
tinctly shorter and the apex is broader than 
in dorsalis (cf. Figs. 6b, 8c, and refer to meas- 
urements of the ovipositors of both species). 
The female specimens can readily be distin- 
guished by the comparatively broad apex of 
the ovipositor. 

FEMALE. The front is parallel sided and is 
unspotted. It is about twice as long as wide. 
There are two pairs of inferior frontal orbital 
bristles present; sometimes a weak third pair 
is present. The black spots on the face are 
large and oblong in shape. The first two an- 
tennal segments are rufous; the third segment 
is yellow brown. The third segment is less 
than three times as long as wide and about 
equal in length to the face. Thorax: Predom- 
inantly black with fine, short, yellow pile on 
the dorsum and gray pile and pubescence on 
the sides. The mesonotum has a pair of broad 
gray submedian vittae; otherwise it is chiefly 
shining black. The lateral yellow vittae are 
wedge-shaped and rather strongly tapered pos- 
teriorly. The scutellum is all yellow except 
for a narrow band of black across its base. 
Legs: The femora are almost entirely yellow 
to rufous; the front pair has a brown spot 
near the apex of the upper surface. The tibiae 
are discolored with brown; the tarsi are yellow 
except for the brownish, discolored apical 
subsegments. Wings: Very similar to those of 
dorsalis. We have been unable to find any 
distinctive differences in the venation or the 
wing maculation. Abdomen: Broad black bands 
are present on the basal portions of terga one 
and two. A broad median vitta extends longi- 
tudinally from the base of tergum three to the 
apex of five; the sides of three to five are 
almost all black. The basal band on segment 
three is strongly narrowed, often interrupted, 
on each side of the median vitta. Ovipositor: 
The basal portion, in situ, is about 0.75 as long 
as the fifth abdominal segment. The ovipos- 
itor is very short; when fully extended (Fig. 
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Fic. 6. Dacus (Strumeta) cognatus n. sp. a, Extended 
ovipositor; 5, apex of piercer. 


6a), it measures approximately 3.4 mm. The 
piercer is evenly tapered to its apex, not 
slender pointed as in dorsalis. The preapical 
setae are very tiny and inconspicuous. The four 
pairs are approximately equal in size. The 
piercer measures about 1.2 mm. long by 0.13 
mm. wide at its widest point. The oviduct 
extends to within 0.28 mm. of the apex. The 
preapical setae are situated approximately 0.08 
mm. from the apex. The inversion membrane 
measures 1.21 mm. long by 0.28 mm. wide 
at its widest point. The rasper extends to 
within 0.36 mm. of the base of the segment. 
The basal portion of the ovipositor measures 
about 1.0 mm. by 0.96 mm. The spiracles are 
situated approximately 0.21 mm. from the 
anterior lateral margin of the segment. 

MALE. As in the female except for sexual 
characters. 

Length: Body, 6.0-6.5 mm.; wings, 5.5- 
5.8 mm. 

Holotype female, allotype male, and 22 pa- 
ratypes, 10 female and 12 males from Los 
Bafios, Philippine Islands, July 3-19, 1921, 
“Forest School,’’ some are labeled ex Eugenia 
sp.? (F. X. Williams); 2 males same locality 
as type, June, 1925 (C. E. Pemberton). 








164 


The type and allotype and a series of para- 
types are being deposited in the U. S. National 
Museum. The remainder are being distributed 
among the following museums and collec- 
tions: Hawaiian Sugar Planters’ Association, 
Bernice P. Bishop Museum, and the Univer- 
sity of Hawaii. 


Dacus (Strumeta) continuus 
(Bezzi), n. comb. 
Fig. 7 


Chaetodacus continuus Bezzi, 1919, Philippine 
Jour. Sci. 15(5): 424-425, pl. 1, fig. 6. 
This species is readily distinguished by hav- 

ing the humeri and notopleura connected by 

a yellow band; by the chiefly pale coloration 

and the presence of three narrow brown to 

black vittae extending down the mesonotum; 
also by having the costal band extending 
along the wing margin to vein Mj+:. The 
specimens at hand are teneral, the wing macu- 
lations are very faint or lacking, and the 
thoracic markings are pale. The facial mark- 
ings are also distinctive in this species; the 
spots consist of a brown to black vertical 
streak in each antennal furrow, extending to 





Fic. 7. Dacus (Strumeta) continuus (Bezzi). a, Ex- 
tended ovipositor; 5, apex of piercer. 
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the oral margins and about half as long as the 
face. 

The species has been adequately described 
by Bezzi except for the details of the ovipos 
itor. Ovipositor: The exposed portion of the 
basal segment (én situ) is slightly less than 0.5 
as long as the fifth abdominal segment. The 
extended ovipositor (Fig. 74) measures about 
4.32 mm. The piercer measures 1.5 mm. long 
by 0.13 mm. wide at its widest point. The 
preapical setae are small and inconspicuous. 
Three pairs are situated about 0.04 mm. from 
the apex, and one pair is displaced basally 
(Fig. 74). The opening of the oviduct is sit- 
uated about 0.3 mm. from the apex of the 
piercer. The inversion membrane is about 1.5 
mm. long by 0.23 mm. wide at its widest 
point. The rasper extends to within 0.4 mm. 
of the base of the segment. The basal segment 
is about 1.32 mm. long by 0.96 mm. wide, 
and the spiracles are located about 0.34 mm. 
from the anterior lateral margins of the 
segment. 

Length: Body, 6.0 mm.; wings, 5.0 mm. 

TYPE LOCALITY: Antique Prov., Batbatan 
Island, Philippine Islands. 

Bezzi said the type was in his collection. 
His collection is in the Museo Civico di 
Storia Naturale, Milan, Italy. 

A series of specimens are on hand from 
Mt. Makiling, Laguna, P. I., Sept. 9, 1935 
(F. C. Hadden). 


Dacus (Strumeta) cucurbitae Coquillett 


Dacus cucurbitae Coquillett, 1899, Ent. News 

10: 129. 

This species was taken in large numbers in 
all the areas covered by this report. It is a 
serious pest of cucurbitaceous plants through- 
out much of the southwest Pacific. D. cucurbi- 
tae is readily distinguished from other Stra- 
meta by the brown markings along the m and 
rm crossveins and by the moderately large 
apical spot formed by the expansion of the 
costal band; also by its predominantly rufous 
color and by the presence of three yellow 
vittae on the mesonotum. The species has 
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been adequately described and figured by 
Hardy (1949: 185). 

The specimens from the Philippines and 
Borneo exhibit considerable variations in the 
development of the scutellar bristles. A num- 
ber of specimens have been studied which 
possessed four well-developed scutellar bris- 
tles. These would fit the concept of Dacus 
(Zeugodacus) (genus Zeugodacus of other au- 
thors). Many specimens have the outer scu- 
tellars small but definitely present. Other 
specimens have three scutellars present, and 
the typical specimens have but two. I have 
also seen these same variations in specimens 
from India. 

Many thousands of specimens have been 
seen from the following localities. 

Philippine Islands: Dumaguete City, Ne- 
gros, Oriental Prov., Negros, Apr., 1950, ex 
Momordica charantia L. and Luffa cylindrica 
Roem. (F. E. Skinner); Cebu City, Cebu, 
July, 1950, ex Momordica charantia L. (F. E. 
Skinner); Luzon, Sept.—Oct., 1947 (Q. C. 
Chock); Del Monte, Mindanao, Jan., 1950, 
ex cucumber (F. E. Skinner); Davao, Min- 
danao, Mar.—Aug., 1950, ex cucumber and 
Momordica charantia L. (F. E. Skinner); Pangi, 
Mindanao, Feb.—Sept., 1950, ex Momordica 
charantia L. and ex ““Ampalayo”’ (F. E. Skin- 
ner); Camatayan, Misamis Oriental, Minda- 
nao, Dec., 1949, ex Trichosanthes sp. (F. E. 
Skinner); Gamalang, Davao Prov., Minda- 
nao, Sept., 1950, 1,000 feet, ex Luffa cylindrica 
Roem. and Momordica charantia L. (F. E. 
Skinner); Padada, Davao Prov., Mindanao, 
May, 1950, 100 feet, ex Momordica charantia 
L. (F. E. Skinner); Sasa, Davao Prov., Min- 
danao, Aug., 1950, ex watermelon and musk- 
melon (F. E. Skinner); Pasay, Feb., 1947 (Q. 
C. Chock); Batangas, Aug., 1947 (Q. C. 
Chock). 

Borneo: Tamparuli, Jan.—June, 1951, ex 
Luffa acutangula (‘‘Potola’’), cucumber, Mo- 
mordica charantia, Lagenaria leucantha, Arto- 
carpus integra, Baccaurea angulata, guava, and 
mango (F. E. Skinner and G. Angalet); Tu- 
aran, Jan.—_June, 1951, ex cucumber, So/anum 
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sp., Momordica charantia, Artocarpus integra. 
mango, carambola, and Eugenia javanica (F, 
E. Skinner and G. Angalet); Mengetel, June, 
1951, ex Averrhoa carambola and mango (G. 
Angalet); Papar, Nov., 1950—Jan., 1951, ex 
Luffa acutangula and Momordica charantia (F. 
E. Skinner); Kota Baru, May, 1951, ex Ex- 
genia javanica, guava, and papaya (G. An- 
galet); Kota Belud, June, 1951, ex Draconto- 
melum dao and Cucurbita maxima (G. Angalet); 
Jesselton, July, 1951, ex Luffa acutangula and 
mango (G. Angalet). 

Malaya; Kuala Lumpur, Apr., 1948—Mar., 
1949, ex Benincasa cerifera, Momordica charan- 
tia, cowpea pods, and Trichosanthes anguina 
(N. L. H. Krauss); Singapore, Apr., 1949, ex 
wax gourd (N. L. H. Krauss); Titi, Negri 
Sembilan, June, 1948, ex Momordica charantia 
(N. L. H. Krauss); Serdang, Selangor, June, 
1948-Feb., 1949, ex cucumber, Luffa cylin- 
drica, and L. acutangula (N. L. H. Krauss). 

The following parasites were reared from 
this species: from Malaya—Opius fletcheri Sil- 
vestri, Spalangia spp.?, and Tachinaephagus 
spp.?; from Borneo—Opius vandenboschi Fulla- 
way, O. angaleti Fullaway, Spalangia spp.?, 
Syntomosphyrum indicum Silvestri, Pachycrep- 
oideus dubius Ashmead, and Trybliographa daci 
Weld; from the Philippine Islands—Opius 
fletcheri Silvestri, O. longicaudatus (Ashmead), 
Spalangia sp.?, and Pachycrepoideus dubius 
Ashmead. 


Dacus (Strumeta) dorsalis Hendel 
Figs. 8, 15e 


Dacus dorsalis Hendel, 1912, Suppl. Ent. 1: 18. 


The typical form of dorsalis will be dis- 
cussed in more detail in a study which is 
underway on the dorsalis complex of species. 
The Malayan, Philippine, and Borneo spec- 
imens show considerable variation in the 
width of the costal band, and the majority 
fit the variety occipitalis (Bezzi) more closely 
than they do the typical form. The species is 
closely related to D. pedestris (Bezzi) and is 
best separated by comparing the ovipositors. 
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As discussed under pedestris, the following 
characteristics will usually distinguish dorsalis: 
The shorter ovipositor (cf. Figs. 84, 20a, refer 
to discussion under pedestris); the narrower 
costal band, not extending below vein R; 
except at the wing apex, and the more con- 
sistently pale occiput, coxae, trochanters, and 
front and middle tibiae. 

Length: 6.0-8.0 mm. 

TYPE LOCALITY: Formosa. 

Type in Deutsches Entomologisches In- 
stitut. 

Numerous specimens are in the collection 
from the following localities and hosts. 

Malaya: Kuala Lumpur, June, 1948-Apr., 
1949, ex Averrhoa carambola, Eugenia sp. 
(“‘Jambu ayer’), Eugenia jambos, Eugenia ma- 
laccensis, and Solanum verbascifolium; Malacca, 
Feb., 1949, ex Eugenia sp.; Serdang, Selangor, 
Sept.-Nov., 1948, ex Averrhoa carambola and 
Averrhoa bilimbi; Penang, March, 1949, ex 
Averrhoa carambola; Mandai, Singapore, May, 
1949, ex Averrhoa carambola; Singapore, May, 
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Fic. 8. Dacus (Strumeta) dorsalis Hendel. a, Wing; 
b, extended ovipositor; c, apex of piercer. 
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1949, ex Garcinia sp., Eugenia sp.?, Areca 
catechu, and Canangium odoratum; Kuala Kla- 
wana, Negri Sembilan, June, 1948, ex fruit 
of “Terong pipit.” 

Philippine Islands: Mintal, Mindanao, May, 
1950, ex Chrysophyllum cainito L. (F. E. Skin- 
ner); Gamalang, Mindanao, Sept., 1950, ex 
Solanum sp. (F. E. Skinner); Tagoloan, Min- 
danao, Dec., 1949 (Skinner); Bago, Minda- 
nao, Feb., 1950 (Skinner); Manambulan, 
Mindanao, Feb., 1950, ex pomelo (Skinner); 
Toril, Davao Prov., Mindanao, Feb., 1950, 
ex pomelo (Skinner). 

Java: Bogor, ex Averrhoa carambola and 
Capsicum annuum Linn., July, 1951. 

Borneo: Tamparuli, Jan.—May, 1951, ex 
Ficus, citrus, guava, mango, and carambola 
(F. E. Skinner and G. Angalet); Papar, Nov., 
1950—Feb., 1951, ex carambola and mandarin 
orange (Skinner and Angalet); Mengetel, 
June, 1951, ex Averrhoa carambola and mango 
(G. Angalet); Tuaran, Apr., 1951, ex Arto- 
carpus integra, mango, carambola, and papaya 
(F. E. Skinner); Kota Baru, May, 1951, ex 
Baccaurea angulata. 

The following parasites were reared from 
this species: Malaya—Opius incisi Silvestri, O. 
oophilus Fullaway, O. vandenboschi Fullaway, 
O. longicaudatus malayensis Fullaway, Pachy- 
crepoideus dubius Ashmead, Tachinaephagus 
spp.?, Syntomosphyrum indicum Silvestri, Spalan- 
gia spp.?, Galesus sp.?, Diapriidae and Cynipi- 
dae, genera and spp.?; from Java and Borneo 
—O. longicaudatus (Ashm.), O. oophilus Fulla- 
way, O. vandenboschi Fullaway, O. incisi Silves- 
tri, O. makii Sonan, Trybliographa daci Weld, 
Syntomosphyrum indicum Silv.,Encyrtidae genus 
and sp.?, Spalangia sp.?, Bracon sp.?, and 
Pachycrepoideus dubius Ashm. 


Dacus dorsalis var. occipitalis (Bezzi) 


Chaetodacus ferrugineus var. occipitalis Bezzi, 
1919, Philippine Jour. Sci. 15(5): 423. 


This variety is distinguished from typical 
dorsalis by the broader costal band in the wing. 
The band ordinarily extends distinctly below 
vein R; nearly halfway through the top por- 
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tion of cell Rs. The anterior sclerite of each 
propleuron, the coxae, and tibiae are usually 
discolored with brown to black as in pedestris, 
and the occiput is predominantly rufous as 
in typical dorsalis. The genitalia of both sexes 
appear to be identical with those of typical 
dorsalis. 

This is apparently the common form of the 
dorsalis complex which occurs in the Philip- 
pine Islands, and it was thought that it rep- 
resented a geographically distinct subspecies. 
It is now obvious that the ranges of typical 
dorsalis and dorsalis occipitalis overlap in Ma- 
laya, and on the basis of this geographic 
intergrading it is probably best that occipitalis 
be considered a variety. The extension of the 
costal band beneath vein R; is somewhat 
variable and is much more distinct in some 
specimens than in others. It appears to be 
much more constant in specimens from the 
Philippines than in those from other areas. 

Length: 7.0-8.0 mm. 

TYPE LOCALITY: Los Bafios, Luzon, Philip- 
pine Islands. 

Bezzi recorded the type as being in Profes- 
sor C. F. Baker's collection (University of the 
Philippines). A specimen in the U. S. Na- 
tional Museum labeled “Mt. Makiling, Lu- 
zon, Baker, 1497” is evidently a cotype. 

The many thousands of specimens which 
have been studied from Malaya have shown 
considerable variation in the width of the 
costal band and in the intensity of the dis- 
coloration of the front and middle coxae and 
the anterior portion of the propleura. So much 
intergradation is evident that it does not ap- 
pear practical to attempt to separate occipitalis 
from the typical dorsalis in this region. The 
data recordéd under dorsalis will also pertain 
to the variety occipitalis. In most of the series 
examined, specimens fitting both forms were 
present. 


Dacus (Strumeta) dorsaloides n. sp. 


Fig. 9 


This species is very close to D. dorsalis 
Hendel and to D. cognatus n. sp. and is best 





differentiated by the characteristics of the fe- 
male ovipositor. The bright-yellow postsu- 
tural vittae are similar to those of cognatus, 
they are narrowed behind and do not reach 
the inner supraalar bristles, but the area of the 
mesonotum outside the vittae is rufous or 
brownish yellow, not black as in the related 
species. The tibiae are also discolored with 
brown as in cognatus, but the humeri are bor- 
dered by rufous, not black. It differs from 
both dorsalis and cognatus by having the apical 
third of each femur discolored with brown. 
The females are readily distinguished from 
dorsalis by the very short, stubby ovipositor. 
They can be grouped with cognatus by the 
comparatively broad, gradually tapered apex 
(cf. Figs. 6a, 9a). It differs from both dorsalis 
and cognatus (as well as all other Dacinae which 
we have studied) by having the basal segment 
of the ovipositor longer than the inversion 
membrane or the piercer. It is further dis- 
tinguished by the details of the ovipositor as 
given below. 

FEMALE. Head: The front is approximately 
twice as long as wide; there are two pairs of 
inferior frontal orbital bristles and one pair of 
superior frontal orbitals. No brown spots are 
present at the bases of the frontal bristles. 





Fic. 9. Dacus (Strumeta) dorsaloides n. sp. a, Extended 
ovipositor; 5, apex of piercer. 
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The median portion of the front is discolored 
with brown. The face has an oval black spot 
in each antennal furrow. The third antennal 
segment is brown and is approximately four 
times as long as wide. Thorax: Chiefly black 
with the postsutural yellow vittae as described 
above and with the front margins of the meso- 
notum reddish around the humeri. The meso- 
notum is rather densely covered with gray 
pollen. The scutellum is entirely yellow ex- 
cept for a narrow band of black at its base. 
The mesopleural stripe is just slightly wider 
than the notopleural callus. Legs: The femora 
are predominantly yellow; the apical third to 
two fifths are discolored with brown. The 
tibiae are all brownish. Wings: As in dorsalis. 
We find no differences in the venation or the 
wing coloration. Abdomen: Very similar to 
that of dorsalis with broad black basal bands 
on terga one to three and with a median 
longitudinal black vitta extending from three 
over five. The sides are not extensively black- 
ened as in cognatus. Ovipositor: In situ the basal 
portion of the ovipositor is not quite 0.75 as 
long as the fifth abdominal segment. The 
Ovipositor is very short; when fully extended 
it measures approximately 2.92 mm. The basal 
segment is about 1.1 mm. long by 1.0 mm. 
wide at its widest point. The spiracles are 
situated about 0.1 mm. from the base of the 
segment, measured to the anterior lateral mar- 
gins. The inversion membrane measures 0.91 
mm. by 0.26 mm. The rasper extends to with- 
in 0.15 mm. of the base of the segment. The 
piercer tapers gradually to the apex; it is rather 
broad and blunt at the tip. The piercer meas- 
ures approximately 0.91 mm. by 0.18 mm. 
The oviduct opens about 0.21 mm. from the 
apex. The preapical setae are about 0.05 mm. 
from the apex. There are two moderately long 
and two tiny setae present (Fig. 90). 

Length: Body, 6.0 mm.; wings, 5.5 mm. 

MALE. As in the female, except for the 
sexual characters. 

Holotype female, allotype male, and four 
paratypes, one male and three females, from 
Makiling, Philippine Islands, Feb. 21, 1921, 
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ex fallen fruit of Sideroxylon macranthum 
Merr. (F. X. Williams). 

The holotype and allotype are being de- 
posited in the U. S. National Museum, the 
paratypes are in the Hawaiian Sugar Planters’ 
Association, Bernice P. Bishop Museum, and 
the University of Hawaii collections. 


Dacus (Strumeta) frauenfeldi Schiner 
Fig. 10 


Dacus frauenfeldi Schiner, 1868, Reise Novara, 
Dipt., 262. 

Dacus albistrigatus de Meijere, 1911, Tijdschr. 
v. Ent. 54: 377, pl. 20, fig. 33. 


This species is very distinctive and is dis- 
tinguished from all other known Strumeta by 
the well-developed transverse band through 
the middle of the wing and the very oblique 
r-m crossvein (Fig. 104), by the lack of a dis- 
tinct costal band, by the large triangular black 
mark on the scutellum, and by the broad 
gray vittae extending longitudinally down the 
middle of the mesonotum (Fig. 10a). The 
postsutural yellow vittae are strongly nar- 
rowed posteriorly. 

From de Meijere’s original description and 
figure it is obvious that Hendel’s synonymy 
is Correct. Perkins (1938: 128) says that the 
costal band (in de Meijere’s drawing) is too 
dark and conspicuous to be frauenfeldi. We 
believe it is just an error on the artist's part; 
the shading along the costal margin should 
represent faint yellowish fumosity. The de- 
scriptions by de Meijere and Perkins (Joc. cit.) 
are adequate except for the details of the 
Ovipositor. 

Ovipositor: The basal portion (in situ) is 
about equal to or slightly shorter than the 
fifth abdominal segment. The extended ovi- 
positor (Fig. 10c) measures about 3.7 mm. 
The piercer is 1.2 mm. long by 0.15 mm. 
wide at its widest point. The oviduct opens 
about 0.17 mm. from the apex of the piercer. 
The preapical setae (Fig. 10d) are situated 
about 0.05 mm. from the apex. The inversion 
membrane is 1.4 mm. by 0.25 mm., and the 
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Fic. 10. Dacus (Strumeta) frauenfeldi Schiner. a4, Mesonotum; b, wing; c, extended ovipositor; d, apex of piercer. 


rasper extends to within 0.54 mm. of the base 
of the segment. The basal segment is about 
1.11 mm. long by 0.99 mm. wide at its widest 
point. 

Length: Body, 6.0-7.0 mm.; wings, 5.5- 
6.0 mm. 

TYPE LOCALITY: Stuart Islands. 

Type probably in Vienna. 

Perkins (/oc. cit.) recorded this species from 
Malaya. We have not seen specimens from 
the areas covered in this report. We have a 
good series on hand from Rabaul, New Brit- 
ain, Nov., 1949, ex ‘‘Aila,”” Psidium guajava, 
and mango (N. L. H. Krauss); Utragal, Wo- 
leai Island (Caroline), July 28, 1946, ex Eugenia 
(R. G. Oakley); Dublon, Truk, Feb., 1948 
(K. L. Maehler); Kwajalein, Apr., 1948 (K. 
L. Maehler). 


Dacus (Strumeta) froggatti (Bezzi) 
Fig. 11 


Chaetodacus froggatti Bezzi, 1928, Dipt. Fiji 


Islands, 101. Change of name for Dacus 
zonatus Froggatt (1911) nec zonatus Saun- 
ders (1841). 

Strumeta? moluccensis Perkins, 1939, Queens- 
land Univ., Dept. Biol. 1(10): 17-18, pl. 
1, fig. 12. New synonymy based upon a 
study of specimens from Indonesia, New 
Britain, New Guinea, and the Solomon 
Islands. 


Perkins separated froggatti from moluccensis 
by its having the “mesonotum mostly black 
in front of the suture,”’ as distinguished from 
“mostly red in front of the suture’’ in moluc- 
censis. His description also indicates that frog- 
gatti has no “complete black band along the 
anterior border of the third abdominal tergite”’ 
and moluccensis has a narrow black band. No 
specimens have been seen which have the 
anterior median portion of the mesonotum 
black (his specimens must have been dis- 
colored), and the black basal band on the 
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third tergum appears to be complete on all 
mature specimens. 

This species seems to fit closest to D. arecae 
n. sp. It is distinguished by its larger size; 
all fulvous tibiae; elongate third costal section 
of the wing (Fig. 11a); by the much more 
elongate, strongly developed ovipositor (Fig. 
114) and the trilobed piercer (Fig. 11¢). Per- 
kins’ description of the ovipositor was quite 
misleading; he said its proportions are as 
follows (measured from below, except for the 
fifth tergum): “length of basal segment: 
greatest width: apex of basal segment: length 
of 2nd segment: median length of Sth tergite. 
—40:24:9:29:20.” It is obvious that Perkins’ 
measurements were made 7m situ with the in- 
version membrane (‘‘2nd segment’’) just part- 
ly extruded. We have relaxed the ovipositor. 
It is very elongate (Fig. 114); when fully 
extended it measures about 9.46 mm. The 








Fic. 11. Dacus (Strumeta) froggatti (Bezzi). a, Wing; 
b, extended ovipositor; c, apex of piercer. 
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piercer is approximately 3.17 mm. long by 
0.25 mm. wide at its widest point. The apex 
is trilobed (Fig. 11¢). Two pairs of moderately 
long and two pairs of short preapical setae 
are present; the distal pair is about 0.06 mm. 
from the apéx of the piercer. The opening of 
the oviduct is situated about 0.23 mm. from 
the apex. The inversion membrane is about 
3.87 mm. long by 0.44 mm. wide at its widest 
point. The rasper extends to within 1.25 mm. 
of the base of the segment. The basal segment 
is 2.42 mm. long by 1.79 mm. wide measured 
across its hind margin. The spiracles are sit- 
uated 0.6 mm. from the anterior lateral mar- 
gins of the segment. 

The males have not previously been de- 
scribed; they fit the description of the female 
in most details. The following notes are sup- 
plemental to Perkins’ description. Head: The 
front is parallel sided, is about 1.5 times as 
long as wide and about 0.8 as wide as one 
eye. Thorax: The mesopleural stripe is rather 
broad, is slightly wider than the notopleural 
callus, and is continuous onto the upper por- 
tion of the sternopleuron. The dark markings 
on the mesonotum are usually indistinct or 
lacking, the top of the thorax is predominantly 
brownish red. Wings: As in Figure 11a. The 
costal and basal cells are distinctly yellow 
fumose. The costal band extends through 
much of cell R; but is yellow in this cell. The 
brown band is confined to the wing margin. 
Abdomen: Chiefly rufous or brownish red with 
a narrow brown to black band across the base 
of the third tergum. The narrow brown to 
black median vitta is variable; in some spec- 
imens it is well defined and extends over 
terga three to five; in others it is interrupted, 
or just a portion of it may be present on the 
fifth tergum. 

Length: Body, 8.0-10.0 mm.; wings, 7.5— 
8.5 mm. 

TYPE LOCALITY: Bainka, Russell Group, 
Solomon Islands. 

Lectotype (designated by Perkins) in col- 
lection of the Council for Scientific and In- 
dustrial Research, Canberra, Australia. 
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We have studied a series of specimens from 
Amboina, Jan., 1908-May, 1909 (F. Muir); 
from Rabaul, New Britain, Oct.—Nov., 1949, 
ex ‘‘Aila,”’ Inocarpus edulis (N. L. H. Krauss); 
Guadalcanal, Nov., 1944 (C. O. Berg); Te- 
naru River, Guadalcanal, Jan., 1945 (G. E. 
Bohart); Solomon Islands, July-Aug., 1909 
(W. W. Froggatt). 


Dacus (Strumeta) hochii (Zia), n. comb. 
Fig. 12 


Sinodacus hochii Zia, 1936, Chinese Jour. Zool. 
a: Boy 

Callantra (Sinodacus) hochii (Zia), Hering, 
1952, Naturf. Gessell. in Basel, Verhandl. 
63: 43. 


This species has been considered as belong- 
ing to a distinct subgenus (genus of authors) 
under Callantra. It appears to us that this 
should be treated under Dacus (Strumeta). 
The abdomen is more noticeably stalked than 
in most Strumeta, but in other details (as given 
under our concept of Ca//antra) it more nearly 
fits Dacus (Strumeta); The antennae are typical 
of this group; the first abdominal segment is 
broader at its apex than at its base, and the 
lateral humps are not unusually strong; the 
abdomen is not as strongly arched, and the 
sclerite between segments three and four is 
straight. Zia defined her Sinodacus as having 
no prescutellar bristles (based apparently upon 
one specimen). The material which we have 
studied, from the type locality, has prescutel- 
lars. Hering (19524: 43) said that his spec- 
imens, from Sumatra, had a prescutellar on 
one side but not on the other. 

The species is readily recognized by the 
absence of postsutural yellow vittae on the 
mesonotum, by the large brown spot covering 
the apical portion of the wing (Fig. 12), and 
by the transverse black band across the face. 
The mesonotum is chiefly rufous with no 
black markings and with a small yellow spot 
in the median portion just behind the suture. 

Length: Body and wings about 7.0 mm. 

TYPE LOCALITY: Hainan, China. 





FiG. 12. Dacus (Strumeta) hochii (Zia). Wing. 


Location of type not known by us. 

Hering (19524: 43) recorded this from 
Sumba Island and Java. We have not seen 
it from this region. Our specimen is from 
Hainan Island, S. China, No-doa, Tan-Hsien 
District, Mar. 18-22, 1935 (F. K. To). 


Dacus (Strumeta) impunctatus 
de Meijere 


Dacus impunctatus de Meijere, 1914, Tijdschr. 
v. Ent. 57: 188-189. 


This species appears to fit very close to 
D. megregori (Bezzi). From the original de- 
scription it seems to differ by having the 
thorax predominantly black. If it is a distinct 
species it no doubt lacks the peculiar bulla on 
the wing which is so distinctive of mcgregori. 

Length: Body, 4.0 mm.; wings, 3.5 mm. 

TYPE LOCALITY: Semarang, Java. 

Type in the Zoologisch Museum, Am- 
sterdam. 

We have not seen this species. 


Dacus (Strumeta) latifrons 
(Hendel), n. comb. 
Fig. 13 


Chaetodacus latifrons Hendel, 1915, Mus. Nat. 
Hungarici, Ann. 13: 425-426. 


This species is readily recognized by its 
all-rufous abdomen; by its broad front (ap- 
proximately as broad as one eye and just 
slightly longer than wide) (Fig. 13a), and by 
having the costal band rather narrow but ex- 
panded at the apex (Fig. 134); also by the 
very distinctive trilobed apex of the ovipositor. 
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D. froggatti (Bezzi) and D. propinquus n. sp. 
are the only other Strumeta which we have 
studied which have this type of ovipositor. 
The species has been adequately described by 
Hendel and by Shiraki (1933: 63-66) except 
for the details of the ovipositor. 

Ovipositor: The basal portion (én situ) is 
about equal or slightly shorter than the fifth 
abdominal segment. The extended ovipositor 
(Fig. 134) is 4.26 mm. long. The piercer 
measures about 1.56 mm. long by 0.18 mm. 
wide at its widest point. The preapical setae 
are very small and inconspicuous and are 
situated about 0.13 mm. behind the trilobed 
apex (Fig. 13c). The oviduct opens about 
0.26 mm. from the apex. The inversion mem- 
brane is short and broad; it is about equal in 
length to the piercer (1.56 mm.) and measures 
about 0.5 mm. at its broadest point. The 
rasper extends to within 0.5 mm. of the base 
of the segment. The basal segment is slightly 
wider than long, 1.14 mm. by 1.17 mm. 
measured across the broadest point. The spi- 
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racles are situated about 0.28 mm. from the 
anterior corners of the segment. 

Length: Body, 6.0-7.0 mm.; wings, 5.0 
6.0 mm. 

TYPE LOCALITY: Formosa. 

Type in the Deutsches Entomologisches 
Institut, Berlin. 

On Formosa it has been recorded from 
Solanum incanum L. and S. indicum L. 

A large series is on hand from the following 
localities and hosts in Malaya: Kuala Lumpur, 
June—Aug., 1948, ex chilli, Solanum verbasci- 
folium, S. sarmentosum, Baccurea motleyana, and 
Ponderosa tomato (N. L. H. Krauss); Serdang, 
Selangor, Mar., 1949, ex tomato (N. L. H. 
Krauss). 

Opius incisi Silvestri were reared from some 
of this material. 


Dacus (Strumeta) limbiferus 
(Bezzi), n. comb. 
Fig. 14 


Chaetodacus ferrugineus vat. limbiferus Bezzi, 
1919, Philippine Jour. Sci. 15(5): 424. 
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FiG. 13. Dacus (Strumeta) latifrons (Hendel). a, Front view of head; b, wing; c, apex of piercer; d, extended 


Ovipositor. 
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Strumeta pedestris var. limbiferus (Bezzi) Per- 
kins, 1938, Roy. Soc. Queensland, Proc. 
49(11): 126. 


This is a very distinct species from dorsalis 
or any of the related forms. It is readily dis- 
tinguished by the very broad costal band in 
the wings (Fig. 14a), by the extremely long 
ovipositor (Fig. 144), and by the broadly 
blackened apices of the femora. It has not 
been adequately described in the literature. 


MALE. Head: The front is about 1.5 times 
as long as wide, the median portion is dis- 
colored, and indistinct spots are present at 
the bases of the frontal bristles. Two pairs of 
inferior and one pair of superior fronto-orbital 
bristles are present. The face has a large, ob- 
long black spot on each side. The third an- 
tennal segment is dark reddish brown to black 
and is about equal in length to the face. 
Thorax: Mesonotum chiefly black, with two 
broad, postsutural yellow bands and a pair 
of submedian, gray pollinose vittae extending 
the full length. The scutellum is all yellow 
except for a narrow band of black across its 
base. Legs: Femora largely yellow, with brown 
to black discolorations on their apical por- 
tions; these areas are more extensively black- 
ened ventrally. The front and middle tibiae 
are yellow, colored with brown at their bases. 
The hind tibiae are chiefly reddish brown. 
The basal joints of the tibiae are yellow, the 
apices are brown. Wings: Hyaline, except for 
the broad costal band and the cubital streak. 
The first two costal cells are devoid of micro- 
trichia except at the apical portion of the 
second. The costal band is dark brown and 
extends through all of cell Rs, crosses over 
vein Ry+5 at the wing apex, and extends about 
halfway through cell Rs (Fig. 14@). The cubital 
streak fills the basal portion of cell My. The 
attenuated portion of the cubital cell is three 
times as long as the distance from the apex 
of the cubital cell to the wing margin. The 
supernumerary lobe is distinctly developed. 
Abdomen: The second and third terga have 
black bands across their bases. Terga three 
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Fic. 14. Dacus (Strumeta) limbiferus (Bezzi). a, Wing; 
b, extended ovipositor; ¢, apex of piercer. 


to five have a broad, black median vitta ex- 
tending longitudinally from the cross band 
on three to about the middle of five. The 
terga all have black markings on the sides. 

Length: Body, 6.5—7.0 mm.; wings, 6.0 mm. 

FEMALE. Fitting the description of the male 
in most details. The narrowed portion of the 
cubital cell is less than two times as long as 
the distance from the apex of the cell to the 
wing margin. Ovipositor: The basal segment 
is about 1.5 times as long as segment five. 
The ovipositor is elongate and slender (Fig. 
14b); when fully extended it measures about 
6.8 mm. The piercer measures about 2.33 
mm. long by about 0.15 mm. wide at its 
widest point. The preapical setae are very tiny 
and are difficult to discern except under high 
power (Fig. 14c). The setae are situated about 
0.075 to 0.1 mm. from the apex of the piercer, 
and the opening of the oviduct is about 0.21 
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mm. from the apex. The inversion membrane 
(eighth segment) is 2.55 mm. long by 0.23 
mm. wide at its widest point. The rasper ex- 
tends to within 0.67 mm. of the base of the 
segment. The basal portion of the ovipositor 
is 1.92 mm. long by 1.17 mm. wide at its wid- 
est point. The spiracles are situated 0.4 mm. 
from the base of the segment, measured on 
the lateral margins. 

Length: Body, 6.5—7.3 mm.; wings, 6.0- 
6.5 mm. 

TYPE LOCALITY: Panay, Antique Province, 
Batbatan Island, Philippines. 

Location of type: Bezzi said it was in his 
collection. According to Horn and Kahle 
(1935) his collection went to the Museo 
Civico di Storia Naturale, Milan. 

A large series of specimens have been stud- 
ied from the following localities in the Philip- 
pines, all reared from Dracontomelum dao fruit; 
Madhum, Mindanao, Aug., 1950 (F. E. Skin- 
ner); Penal Colony, Davao, Mindanao, Aug., 
1950 (Skinner); Bugo, Mindanao, Jan., 1950 
(Skinner); Pangi, Mindanao, Sept., 1950 
(Skinner); Gamalang, Mindanao, Sept., 1950 
(Skinner); Lawayon, Davao, Mindanao, Mar., 
1950 (Skinner). 

The following parasites were reared from 
this species in the Philippine Islands: Opius 
longicaudatus vat., O. skinneri Fullaway, O. 
fletcheri var., Pachycrepoideus dubius Ashmead, 
Galesus sp.?, Spalangia sp.?, and Encyrtidae 
genus and sp.? 


Dacus (Strumeta) luzonae n. sp. 


Fig. 15 


This species runs to Dacus nigrotibialis (Per- 
kins) in Perkins’ key (1938: 122) because of 
the brown to blackish front and middle fem- 
ora. It differs from this species in having the 
face largely yellow, not dark brown to black; 
by having the abdomen conspicuously marked 
with yellow, not chiefly or entirely dark col- 
ored; by having the basal segment of the 
female ovipositor shorter than the fifth ab- 
dominal segment, not longer; and by having 
the yellow vittae on the mesonotum broader, 
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not pointed as in nigrotibialis (Fig. 15a). 

This species is very closely related to D. 
dorsalis Hendel, and only slight structural dif- 
ferences have been found by which they can 
be separated. The r-m crossvein is straight 
and is distinctly shorter than in dorsalis. The 
crossvein is approximately equal in length to 
the basal section of vein M+, and is slightly 
less than half as long as the section of M,+» 
from the r-m to the m crossveins (Fig. 15). 
In dorsalis the r-m is curved; it is about 0.33 
longer than the basal section of -Mi+2 and 
about 0.66 as long as that section from r-m 
to m (Fig. 15e). The ovipositor is very similar 
in the two species but apparently is slightly 
smaller in /uzonae. This species differs con- 
siderably from dorsalis in coloration and is 
easily distinguished by a number of charac- 
teristics. D. /uzonae has the front and middle 
femora predominantly brown to black, not all 
yellow; the postsutural yellow vittae on the 
mesonotum end just before the inner supra- 
alar bristles (Fig. 154), not beyond them; the 
facial spots are much more enlarged and ex- 
tend to the oral margins (Fig. 154); the sides 
of the abdomen are more extensively black- 
ened, and a large black spot is present on each 
side of the fifth tergum (Fig. 15¢). The pol- 
linosity of the mesonotum is also arranged in 
a definite pattern (Fig. 15a), not evenly dis- 
tributed over the mesonotum as in dorsalis, 
and the supraalar areas of the mesonotum are 
black, outside of the yellow vittae, not rufous. 

MALE AND FEMALE. Head: Front nearly twice 
as long as wide with indistinct brownish spots 
present at the bases of the bristles. The facial 
spots extend over the lower one half to three 
fifths of the antennal grooves, are broadened 
on their lower portions, and extend to the 
lower corner of the face (Fig. 154). The second 
antennal segment is nearly twice as long as 
the first. The third segment is 2.5 times as 
long as the second and is dark brown to 
black. The hind portion of the occiput is 
brown to black. Thorax: The mesonotum is 
predominantly black, with the gray pollinose 
areas set off into a roughly H-shaped pattern 
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Fic. 15. a-d, Dacus (Strumeta) luzonae n. sp. a, Mesonotum; b, front view of head; c, abdomen; d, median 
portion of wing. e, D. dorsalis Hendel, median portion of wing. 


by shiny black lines extending longitudinally. 
The yellow postsutural vittae narrow slightly 
posteriorly (Fig. 15¢). The scutellum is all 
yellow except for a narrow band of black 
across its base. The metanotum is entirely 
dark, reddish brown to black. Legs: The front 
femora are almost entirely brown to black, 
yellowed only at their bases and apices. The 
middle femora are yellow on the basal one 
third to one half and on the extreme apices; 
they are otherwise brown. The hind femora 
are brown on the apical third, otherwise yel- 
low. The tibiae are dark brown to black. The 
tarsi are yellow except for the brownish apical 
subsegments. Wings: Appearing to fit typical 
dorsalis in all respects. The costal band is well 
developed but does not extend below vein 
R; except at its apex. Abdomen: Like that of 
dorsalis except for the large spots on the fifth 
tergum and for the more extensively black- 
ened lateral margins (Fig. 15¢). Oviposttor: The 
extended ovipositor is approximately 4.0 mm. 
in length. The piercer is 1.27 mm. long by 
0.2 mm. wide at its widest point. The preapical 


setae are situated about 0.07 mm. from the 
tip of the piercer, and the opening of the 
oviduct is 0.23 mm. from the tip. The inver- 
sion membrane is 1.43 mm. by 0.26 mm.; 
the rasper extends to within 0.52 mm. of the 
base of the segment. The basal segment (sev- 
enth abdominal) is about 1.28 mm. by 1.0 
mm.; the spiracles are situated about 0.23 
mm. from the base of the segment, measured 
on the side margins. 

Length: Body, 6.0-7.0 mm.; wings, 5.0 
6.0 mm. 

Holotype male, allotype female, and eight 
paratypes (three males and five females) from 
Luzon, Philippine Islands, Oct., 1947 (Q. C. 
Chock). Host unknown. 

The type and allotype are being deposited 
in the U. S. National Museum. The paratypes 
are being distributed in the following collec- 
tions: Bernice P. Bishop Museum, Territorial 
Board of Agriculture and Forestry, Hawaiian 
Sugar Planters’ Association, and the Univer- 
sity of Hawaii. 
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Dacus (Strumeta) mcgregori 
(Bezzi), n. comb. 
Fig. 16 


Chaetodacus mcgregori Bezzi, 1919, Philippine 
Jour. Sci. 15(5): 426, pl. 1, fig. 7. 


This species is distinguished from all other 
Dacus (Strumeta) known from the Philippines 
by its all-yellow face, by the peculiar bulla on 
the male wing developed above the cubical 
vein (Fig. 16d), and by the unusually short 
antennae (Fig. 164). 

MALE AND FEMALE. The front is slightly 
discolored in the median portion but has no 
spots at the bases of the bristles; it is approx- 
imately twice as long as wide. Two pairs of 
inferior fronto-orbitals and one pair of supe- 
rior fronto-orbital bristles are present. The 
third antennal segment is brownish red, just 
slightly more than twice as long as wide and 
much shorter than the face (Fig. 164). The 
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FiG. 16. Dacus (Strumeta) mcgregori (Bezzi). a, Ex- 
tended ovipositor; 5, antenna; c, apex of piercer; d, 
wing. 


PACIFIC SCIENCE, Vol. VIII, April, 195. 


third segment is very slightly longer in the 
female than in the male. The face is straight 
or nearly so in profile. The face and the occi- 
put are all yellow. Thorax: Entirely rufous or 
yellow except for the following brown to 
black areas: Narrow hind margin of scutellum, 
entire metanotum, and lower portion of meta- 
pleura, the hypopleura, the median portion of 
the pteropleura, the upper edge of the sterno- 
pleura, and the lower front corner of the meso- 
pleura. The portion directly behind the humeri 
is yellow, the area between the humeri and 
the notopleura is chiefly rufous, not clear yel- 
low. The two postsutural yellow vittae are 
tapered posteriorly and end at or slightly be- 
fore the inner supraalar bristles. Legs: Yellow, 
with faint brownish discolorations on the hind 
tibiae. Wings: Chiefly hyaline. The costal band 
is comparatively narrow and extends to the 
apex of vein M;+s; the costal band does not 
extend into cell R; except at its apex. The 
first costal cell and the basal portion of cell 
R are faintly yellowish fumose but are bare of 
microtrichia. The second costal cell is covered 
with microtrichia. The r-m crossvein is straight 
and is less than 0.5 as long as that portion of 
vein M+. from the r-m to the m crossveins. 
The cubital streak is faint yellow brown and 
confined chiefly to the bulla in the male (Fig. 
16d). In the male, the narrowed portion of 
the cubital cell is twice as long as that portion 
from the apex of the cell to the wing margin; 
in the female, of about equal length. Abdomen: 
Predominantly rufous. The second tergum 
has an indistinct stripe of black across the 
median basal portion. The third tergum has 
a complete band of black across its base. The 
third and fourth terga have a median black 
vitta extending longitudinally; this is some- 
times interrupted by rufous on the hind por- 
tion of the fourth segment; the fourth tergum 
also has a large black spot at each anterior 
lateral margin. Ovipositor: Very short (Fig. 
16a). The visible portion (én situ) is less than 
0.5 as long as the fifth abdominal segment. 
The extended ovipositor measures about 2.4 
mm. The piercer and the inversion membrane 
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each measure about 0.78 mm.; the former is 
about 0.14 mm. at its widest point, and the 
latter is about 0.21 mm. The preapical setae 
are tiny and inconspicuous, visible only under 
high power (Fig. 16c); they are situated about 
0.07 mm. from the apex of the piercer. The 
opening of the oviduct is located about 0.2 
mm. from the apex. The rasper extends to 
within 0.15 mm. of the base of segment eight. 
The basal segment (seven) is 0.86 mm. long 
by 0.73 mm. wide at its widest point; the 
spiracles are situated about 0.18 mm. from 
the base of the segment, measured along the 
lateral margins. 

Length: Body, 5.0-5.5 mm.; wings, 4.5 
5.0 mm. 

TYPE LOCALITY: Panay, Antique Prov., 
Batbatan Island, Philippine Islands. 

Bezzi said the type was in his collection. 
According to Horn and Kahle (1935), his 
collection went to the Museo Civico di 
Storia Naturale, Milan. 

No specimens have been seen from the 
Philippines, but a good series are on hand 
from Singapore, Malaya, May, 1949, ex 
Gnetum gnemon (N. L. H. Krauss). 


Dacus (Strumeta) muiri n. sp. 


Fig. 17 


This species is very close to D. dorsalis and 
can be separated only by the ovipositor. The 
Ovipositor is very broad compared to its 
length, and the apex is abruptly narrowed 
beyond the oviduct. (Compare Figs. 174 
and 8c.) 

FEMALE. Head: The front, measured from 
the lower ocellus to the antennae, is about 
1.5 times as long as wide; it is approximately 
equal in width to one compound eye. Two 
pairs of inferior fronto-orbital bristles and one 
pair of superior fronto-orbitals are present. 
The large black spots on the face are oval in 
shape. The third antennal segment is dis- 
colored with brown and is approximately four 
times as long as wide. Thorax: Colored as in 
dorsalis except that the postsutural yellow vit- 
tae end at, or slightly before, the inner supra- 


alar bristles. Legs: The tibiae are all brownish 
red; the femora are yellow tinged with red; 
they are darker in color than is typical of 
dorsalis; the specimen at hand may be slightly 
discolored in this respect. Wings: Very similar 
in most respects to those of dorsalis, except 
that the costal band extends through a por- 
tion of cell Rs; throughout its length, as in 
the variety occipitalis. On the specimen at hand 
an extra crossvein is present in about the 
middle portion of cell R;; this is present on 
both wings, but the specimen may be a freak 
in this regard. Abdomen: Very similar to dor- 
salis except that the third segment is almost 
entirely reddish brown to blackish on the 
dorsum. Ovipositor: When fully extended (Fig. 
17a), the ovipositor measures approximately 
4.31 mm. The piercer measures about 1.17 
mm. by 0.28 mm. The apical portion is very 
abruptly narrowed beyond the oviduct (Fig. 
174). The distal setae are situated about 0.08 
mm. from the apex of the piercer; two mod- 
erately large and two very small setae are 
present. The opening of the oviduct is located 
about 0.15 mm. from the apex. The inversion 
membrane is about 1.58 mm. long by 0.44 
mm. wide at its widest point. The rasper ex- 
tends to within about 0.42 mm. of the base 





Fic. 17. Dacus (Strumeta) muiri n. sp. a, Extended 
ovipositor; b, apex of piercer. 
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of the segment. The basal portion of the 
ovipositor is 1.56 mm. long by about 1.4 
mm. wide at its widest point. The spiracles 
are situated about 0.62 mm. from the anterior 
lateral margins of the segment. 

Length: Body, 7.5 mm.; wings, 6.0 mm. 

Male unknown. 

Holotype female is labeled ‘‘Pontianak, 
Borneo, F. Muir.’’ The type has been returned 
to the Hawaiian Sugar Planters’ Association 
collection. 


Dacus (Strumeta) nigrotibialis 
(Perkins), n. comb. 
Fig. 18 


Strumeta nigrotibialis Perkins, 1938, Roy. Soc. 
Queensland, Proc. 49(11): 129-130, fig. 7. 


This species is readily recognized by its 
predominantly blackish coloration as stated 
in the key and as discussed in the comparison 
with D. /uzonae n. sp. The species has been 
adequately described by Perkins except for 
the details of the ovipositor. 

Ovipositor: The basal portion (zn situ) is just 
slightly longer than the fifth abdominal seg- 
ment. The extended ovipositor (Fig. 184) 
measures approximately 4.37 mm. The piercer 
is 1.35 mm. long by 0.15 mm. wide at its 
widest point. The opening of the oviduct is 
situated about 0.25 mm. from the apex of the 
piercer, and the preapical setae are 0.07 from 
the apex (Fig. 18c). The inversion membrane 
is 1.77 mm. by 0.26 mm., and the rasper ex- 
tends to within 0.6 mm. of the base of the 
segment. The basal segment is 1.25 mm. by 
1.0 mm., and the spiracles are situated 0.28 
mm. from the anterior corners of the segment. 

Length: Body, 6.0-7.5 mm.; wings, 5.5- 
6.0 mm. 

TYPE LOCALITY: Larut Hills, Perak, Malaya. 

Type in the Selangor Museum. 

We have studied two paratypes. 


Dacus (Strumeta) nigrotibialis 
var. lata (Perkins), n. comb. 


Strumeta nigrotibialis var. lata Perkins, 1938, 
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Fic. 18. Dacus (Strumeta) nigrotibialis (Perkins). a, 
Mesonotum; b, extended ovipositor; c, apex of piercer. 


Roy. Soc. Queensland, Proc. 49(11): 130 
132, fig. 3. 


Perkins separates this from the typical form 
by the broader costal band, filling almost all 
of cell R3. He also says it differs by having 
the occiput fulvous, the postsutural yellow 
stripes broader, and by its larger size. 

Length: Body, excluding ovipositor, 9.0 
mm.; wings, 7.5 mm. 

TYPE LOCALITY: Kedah Peak, Malaya. 

Type in the Selangor Museum. 

We have not seen this variety. 


Dacus (Strumeta) obscuratus de Meijere 


Dacus ferrugineus var. obscurata de Meijere, 
1911, Tijdschr. v. Ent. 54: 373-374. 
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Dacus obscuratus de Meijere, 1914, Tijdschr. 
v. Ent. 57: 189. 


This species apparently is related to D. 
dorsalis Hendel and differs by having no post- 
sutural yellow vittae on the mesonotum. In 
this regard it would fit close to D. tillyardi 
(Perkins), but it lacks the infuscation along 
the crossveins. 

Length: Body and wings, 5.0 mm. 

TYPE LOCALITY: Enkhuizen Island, near 
Batavia, Java. 

Type in the Zoologisch Museum, Am- 
sterdam. 

We have not seen this species. 


Dacus (Strumeta) pectoralis Walker 
Fig. 19 


Dacus pectoralis Walker, 1859, Linn. Soc. Lon- 
don, Proc. 3: 114 (nec Dacus pectoralis 
Walker, 1861, Ent. Soc. London, Trans. 
(n.s.) 5: 322, synonym of Dacus (Dacus) 
bivittatus cucumaris Sack). 


This species has never been properly placed 
and has commonly been treated as a synonym 
of D. bivittatus (Bigot) (armatus of authors) 
based upon D. pectoralis Walker 1861 not 
1859. Dr. K. L. Knight studied the type in 
the British Museum and supplied the details 
which have enabled us to place this as a 
Strumeta related to D. nigrotibialis (Perkins), 
luzonae n. sp., and parvulus Hendel. It is dis- 
tinguished from the former by its chiefly yel- 
low face and by having a pale band on the 
apex of the second abdominal segment. It is 
distinguished from /uzonae by having the ab- 
domen all black except for the pale band on 
the second segment, by having small facial 
spots and three pollinose stripes extending 
down the mesonotum. Aside from the sub- 
generic characters and the details referred to 
above, Dr. Knight reported that the scutellum 
is all pale; a pair of spots is present below the 
antennae; the wings are marked as in dorsalis; 
the legs are dark colored; the first tarsal seg- 
ment is paler; the mesonotum is chiefly black 
with two postsutural yellow vittae. ““The spe- 


cies is really quite close to dorsalis. It is 
slightly larger, darker; abdomen marked dif- 
ferently.”’ 

D. pectoralis appears to be very close to D. 
parvulus Hendel (1912: 21-22) from Formosa 
and India (Philip, 1950: 32). From the original 
descriptions, from Dr. Knight’s notes on the 
type of pectoralis and Shiraki’s description of 
parvulus (1933: 54), we are unable to find 
satisfactory characters for separating these. 
They do appear to differ in size; the body 
length of D. parvulus is 4.0-5.0 mm., whereas 
that of pectoralis is 6.5 mm.; this range is, 
however, too slight to be of particular im- 
portance. A careful comparison of the two 
will be necessary before their relationship can 
be clearly understood. 

Two males and one female are on hand 
which may possibly be pectoralis; they fit the 
descriptions in most details; they are briefly 
described as follows. Head: Two pairs of in- 
ferior fronto-orbital and one pair of superior 
fronto-orbital bristles are present. The front 
is twice as long as wide and is parallel sided. 
The facial spots are moderate in size, are as 
wide as the third antennal segment, and are 
oblong in shape. The third antennal segmens 
is reddish brown and is about 3.5 times as 
long as wide. Thorax: The mesonotum is en- 
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Fic. 19. Dacus (Strumeta) pectoralis Walker. a, Ex- 
tended ovipositor; b, apex of piercer. 
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tirely black except for a very narrow, abbre- 
viated, postsutural yellow vitta on each side. 
The humeri are black along their inner edges. 
Legs: The femora are chiefly rufous, the front 
pair is slightly discolored with brown; the 
others have brownish discolorations on the 
dorsal surfaces, near the apices. The front 
tibiae are yellow, the others are brown. Wings: 
The costal cells are faintly yellowish fumose. 
The second is almost entirely covered with 
microtrichia, only the basal portion is bare. 
The costal band is rather narrow, it does not 
extend into cell R; except along the wing 
margin, and is not expanded at the apex. 
Abdomen: All black except for a narrow yellow 
to rufous band at the apex of the second 
tergum. Ovipositor: (Fig. 19) The basal por- 
tion is equal in length to abdominal segments 
four and five. 

Length: Body, excluding ovipositor, 7.0 
mm.; wings, 6.5 mm. 

TYPE LOCALITY: Aru Islands. 

Type in the British Museum. 

The specimens described above are from 
Amboina, Oct., 1907 (F. Muir). 


Dacus (Strumeta) pedestris 
(Bezzi), n. comb. 
Fig. 20 


Chaetodacus ferrugineus vat. pedestris Bezzi, 
1913, Philippine Jour. Sci. 8: 322. 


This species is closely related to D. dorsalis 
Hendel and is often difficult to differentiate 
except by comparison of the ovipositors. The 
color characters which have been used to 
separate pedestris from dorsalis are somewhat 
variable and cannot be wholly relied upon. 
A series of specimens on hand from the Philip- 
pines and from Malaya appears to be pedestris, 
except that they do not always possess the 
broad black rings at the apices of the femora 
which were mentioned by Bezzi. Perkins 
(1938) does not refer to this character in his 
discussion of this species. Perkins said that 
pedestris differs from dorsalis ‘in having the 
occiput black, or very dark brown, with a 
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Fic. 20. Dacus (Strumeta) pedestris (Bezzi). a, Ex- 
tended ovipositor: 5, apex of piercer. 


narrow fulvous border, the propleura mostly 
black, the coxae and trochanters either dark 
brown or black, fore and hind tibiae either 
dark brown or black, usually an oval patch 
on the outside of the fore femora and the 
postscutellum entirely black.” The color of 
the occiput appears to be of little or no value 
in this case as it is often discolored with brown 
to black in dorsalis. The anterior sclerite of 
each propleuron is discolored with brown to 
black in the large majority of the specimens 
of pedestris on hand and is typically rufous or 
yellow in dorsalis. The yellow-brown to black 
anterior and middle coxae and trochanters of 
pedestris appear to be useful in separating the 
species. These segments are paler, usually 
clear yellow in dorsalis. The front and hind 
tibiae are predominantly dark brown to black 
in pedestris, and the middle pair are discolored 
with brown to black on the basal one third 
to one half. Typical dorsalis have the front 
and middle tibiae chiefly yellowish, the mid- 
dle pair are narrowly discolored with brown 
to black near their bases, and the front pair 
often are discolored along the outside edges. 
The hind tibiae of dorsalis are more yellow 
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brown but vary considerably in the intensity 
of the discoloration and are often blackish. 
The black spot on the front femora is often 
present in pedestris but is not a constant char- 
acter. The postscutellum varies from all black 
to rufous in the central portion and is ap- 
parently of no value in distinguishing pedestris. 

The ovipositors of the two species are sim- 
ilar in shape and general characteristics but 
differ in length. The difference is readily de- 
tected by making measurements or by com- 
parison of slide mounts. In situ the basal seg- 
ment of the ovipositor is slightly longer than 
the fifth abdominal segment in pedestris and 
is approximately three fourths as long as this 
segment in dorsalis. The extended ovipositor 
is approximately 6.0 mm. long in pedestris and 
is 4.5—4.7 mm. in dorsalis. The piercer meas- 
ures approximately 2.0 mm. in pedestris and 
1.5 mm. in dorsalis. The inversion membrane 
is about 2.35 mm. long in pedestris and 1.7 
mm. in dorsalis. The rasper extends to within 
about 0.88 mm. of the base of the segment 
in pedestris and to within about 0.52 mm. in 
dorsalis. The basal segment of the ovipositor 
is about 1.56-1.7 mm. long by about 1.0 mm. 
wide at the widest point in pedestris. In dorsalis 
the basal segment is 1.3-1.35 by 0.9 mm. The 
other details of the ovipositor are very similar 
in the two species (compare Figures 8a and 
20a). The more elongate and slender basal 
segment of pedestris is very useful in separating 
these species. 

Length: Body, 7.0-7.5 mm.; wings, 6.5 mm. 

TYPE LOCALITY: Philippine Islands. No 
specific locality given. 

The type was deposited in the C. F. Baker 
collection, University of the Philippines. A 
specimen is in the U. S. National Museum la- 
beled ‘‘Mt. Makiling, Luzon, Baker’’ and “72.” 

Numerous specimens are in the collection 
at hand from the following localities and 
hosts: 


Malaya: Balik Pulau, Panang I., Aug., 


1948, ex methyl eugenol bait trap; Singapore, 
Dec., 1948 to May, 1949, ex Achras sapota 
(R. E. Holttum), Artocarpus polyphema?, Arto- 
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carpus dadah, and Psidium guajava (N. L. H. 
Krauss); Serdang, Selangor, Sept., 1948 
March, 1949, on “Chiku fruit” (R. J. A. W. 
L.), ex lime “Limau Rapas,” Achras sapota, 
Nephelinm lappaceum, and tomato (N. L. H. 
Krauss); Kwantan, Pahang, Aug., 1948, ex 
Psidium guajava and chilli (N.L. H. Krauss); 
Kuala Lumpur, Aug.—Sept., 1948, ex chilli, 
carambola, and Mangifera foetida (N. L. H. 
Krauss); Malacca, Feb., 1949, ex Psidium gua- 
java (N.L. H. Krauss); Serembar, Negri Sem- 
bilan, Feb., 1949, ex Psidinm guajava (N. L. 
H. Krauss). 

Philippine Islands: Mintal, Mindanao, Feb. 
March, 1950, ex cashew, guava, breadfruit, 
carambola, and tomato (F. E. Skinner); Toril, 
Davao Prov., Mindanao, Feb., 1950 (Skin- 
ner); Lawayon, Mindanao, Sept., 1950, ex 
tomato (Skinner); Tagoloan, Mindanao, June, 
1950 (Skinner); Los Bafios, Laguna, July, 
1930 (F. C. Hadden) and May, 1921 (F. X. 
Williams). 

Borneo: Papar, Feb., 1951, ex mango (F. 
E. Skinner); Tamparuli, Jan., 1951, ex methyl 
eugenol traps (F. E. Skinner), and Buitenzorg, 
Java (F. Muir). 

The following parasites were reared from 
this species: from Malaya—Opius manii Ful- 
laway, O. incisi Silvestri, and O. longicandatus 
malayensis Fullaway; from the Philippine Is- 
lands—O. skinneri Fullaway. 


Dacus (Strumeta) persignatus 
(Hering), n. comb. 


Strumeta persignata Hering, 1941, Arb. iiber 
Morph. u. Taxonom. Ent. 8(1): 27-28, 
fig. 1. 


This species appears to be very closely re- 
lated to D. cucurbitae Coquillett and is differ- 
entiated by having a very broad costal band 
which extends through all of cell R; around 
the wing margin to the apex of vein M;+, 
also by the brown infuscation extending from 
the costal band over the r-m crossvein and by 
the presence of just two pairs of inferior 
fronto-orbital bristles. Hering allies it to D. 
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apicalis de Meijere which differs by having a 
large apical spot in the wing, short yellow 
postsutural stripes, and by lacking infuscation 
over the crossveins. 

Length: Wings, 5.5—6.0 mm. 

TYPE LOCALITY: Flores. 

Type in the Deutsches Entomologisches 
Institut. 

We have not seen this species. 


Dacus (Strumeta) propinguus n. sp. 
Fig. 21 


This species resembles D. dorsalis very close- 
ly and can be satisfactorily separated there- 
from only by the structure of the ovipositor. 
The costal band is broader than in typical 
dorsalis but is just slightly more developed 
than in dorsalis var. occipitalis (Bezzi). The 
palpi in both sexes of propinquus appear to be 
comparatively more slender and parallel sided 
than in dorsalis, and the cubital cell is con- 
sistently shorter in all the specimens on hand; 
the narrowed portion of the cubital cell, com- 
pared to the portion from the apex to the wing 
margin, is about 37:20 (marks on our mi- 
crometer) in the female and about 38:15 in 
the male, as compared to 31:33 in the dorsalis 
female and 35:18 in the male. We do not feel, 
however, that these characters can be relied 
upon; they appear to be quite variable when 
studied through a long series of specimens. 
There appear to be some slight differences 
in the male genitalia. The peculiar trilobed 
apex of the ovipositor will distinguish this 
from all known related species. This is the 
first time we have seen this character in a 
Dacus (Strumeta) except for D. froggatti (Bezzi) 
and D. Jatifrons (Hendel); in this respect 
propinquus resembles D. (Zeugodacus) trimacu- 
Jatus n. sp. (Fig. 294). 

In the senior author's preliminary reports 
(unpublished) on the fruit flies which were 
collected in Borneo in connection with the 
biological control of the Oriental fruit fly 
project, these specimens were confused under 
dorsalis. After more critical examination they 
were found to be a distinct species. 
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Fic. 21. Dacus (Strumeta) propinquus n. sp. a, Wing; 
b, extended ovipositor; ¢, apex of piercer. 


FEMALE. Head: Front about 1.75 times as 
long as wide and with indistinct brownish 
spots at the base of the frontal bristles. There 
are two pairs of inferior fronto-orbital bristles 
and one pair of superior fronto-orbitals. The 
facial spots are large and oval in shape. The 
third antennal segment is slightly longer than 
the face; the hind portion of the occiput 
varies in coloration from entirely yellow rufous 
to brownish. Thorax: Mesonotum predom- 
inantly black; lightly gray pollinose; the post- 
sutural yellow vittae are comparatively broad 
and extend to just beyond the inner supraalar 
bristles; the supraalar areas to the side of the 
yellow vittae are black. Scutellum all yellow 
except for a narrow band of black across the 
base. The metanotum is predominantly black, 
slightly reddish in the median portion. Legs: 
Femora chiefly yellow to rufous; the front 
pair have a black spot on the upper apical 
portion. The tibiae are reddish brown; the 
tarsi are yellow except for the brownish apical 
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subsegments. Wings: The costal band is com- 
paratively broad and extends below vein R; 
along its entire length. The band is very 
slightly enlarged apically (Fig. 21a). The r-m 
crossvein is slightly curved, about 0.75 as long 
as that section of Mi+2 between the r-m and 
the m crossveins and distinctly longer than 
the basal section of vein M3+4 (Fig. 212). 
Abdomen: Yellow to rufous. It has a black 
band across the basal portion of segments two 
and three and a median black vitta extending 
longitudinally from the base of segment three 
to the apex of five. The sides of the abdomen 
are also somewhat blackened. Ovipositor: When 
fully extended (Fig. 214) it measures approx- 
imately 6.57 mm. The piercer measures about 
2.2 mm. by 0.23 mm. The apical portion is 
characteristically trilobate (Fig. 21c). The setae 
are small and inconspicuous; four equal-size 
setae are present, approximately 0.075 mm. 
from the apex of the piercer. The oviduct 
opens about 0.28 mm. from the apex. The 
inversion membrane measures approximately 
2.36 mm. by 0.36 mm. The rasper extends to 
within 1 mm. of the base of the segment. The 
basal segment of the ovipositor (segment 7) 
is 2 mm. by 1.45 mm. measured across its 
base. The spiracles are situated 0.42 mm. from 
the base measured on the lateral margins of 
the segment. 

Length: Body, 6.5-7.0 mm.; wings, 6.0- 
6.5 mm. 

MALE. Fitting the description of the female 
in all respects except for the genital characters 
and the secondary sexual characters as given 
in the introduction above. 

Holotype female, allotype male, and 23 
paratypes (8 males and 15 females), from 
Tagap, North Borneo, 2,000 ft. elev., ex Gar- 
cinia sp.?, ““Acab-bacob,” Jan., 1951 (F. E. 
Skinner); Singapore, Apr., 1949, ex Garcinia 
laueana (N. L. H. Krauss); Makiling, Philip- 
pine Islands, Feb., 1921, ex Sideroxylon (F. X. 
Williams). 

The type, allotype, and a series of paratypes 
are being deposited in the U. S. National 
Museum collection. The remainder of the 
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paratypes are in the following collections: 
Bernice P. Bishop Museum, Hawaiian Sugar 
Planters’ Association, British Museum (Nat- 
ural History), and the University of Hawaii. 


Dacus (Strumeta) tillyardi 
(Perkins), n. comb. 


Strumeta tillyardi Perkins, 1938, Roy. Soc. 
Queensland, Proc. 49(11): 131-132, fig. 6. 


This species is distinguished from all re- 
lated Strumeta by lacking postsutural yellow 
vittae. Perkins (op. cit., p. 122) in his key to 
the species places this with megregori as having 
no markings on the wings except the costal 
band and the cubital streak. In his figure and 
in his description he indicates that both the 
r-m and the m crossveins are infuscated. His 
key is also misleading in that he keys both 
mcegregori and tillyardi as having the “‘scutellum 
not entirely yellow.’’ This would indicate to 
us that it probably has an apical black spot 
or a median discoloration. He was referring 
instead to the narrow band of black across 
the base of the scutellum. This character is 
of questionable value; almost all fully hard- 
ened specimens of Dacini possess this. 

Length: Body, 6.0-6.5 mm.; wings, 5.0- 
5.5 mm. 

Known only from the female so there is 
some question as to its true subgeneric 
position. 

TYPE LOCALITY: Selangor, Malaya. 

Type probably in the Selangor Museum. 

We have not seen this species. A specimen 
is on hand (labeled ‘‘Ambon, 2-08,” probably 
collected by F. Muir) which fits near tillyardi. 
It probably is an undescribed species, but 
inasmuch as the specimen is teneral it is not 
being named at this time. The specimen is 
predominantly pale; the mesonotum is red- 
dish brown, and the abdomen is all rufous. 
The only transverse marking on the wing is 
a faint infuscation along the r-m crossvein. 
The costal band is faintly infuscated and does 
not extend beyond the tip of vein R4+s. 
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Dacus (Strumeta) transtillum 
(Hering), n. comb. 


Strumeta transtillum Hering, 1952, Treubia 
21(2): 265-266, fig. 1. 


This appears to be closely related to D. 
cucurbitae Coquillett but is readily separated 
by the black transverse band across the face 
and by the narrow costal band in the wing; 
the band does not extend into cell R; except 
at the apex. 

Length: Wing, 5.3 mm. 

We have not seen this species; it is known 
only from the type female. 

TYPE LOCALITY: Idjen, E. Java, host un- 
known. 

Type in the Leiden Museum. 


Dacus (Strumeta) umbrosus Fabricius 
Fig. 22 


Dacus umbrosus Fabricius, 1805, Syst. Antl., 
274. 

Dacus fascipennis Wiedemann, 1819, Zool. 
Mag. 1(3): 28. 

Bactrocera fasciatipennis Doleschall, 1856, Na- 
tuurk. Tijdschr. v. Nederland. Indié 10: 
412. 

Dacus conformis Walker, 1857, Linn. Soc. Lon- 
don, Proc. 1: 34. 

Dacus frenchi Froggatt, 1910, Linn. Soc. N. 
S. Wales, Proc. 35: 866 (specimens from 
Java, not New Caledonia). 


This species is readily recognized by the 
presence of three transverse bands across the 
wing (Fig. 22a), by the all-yellow or rufous 
scutellum, and by the presence of just two 
pairs of inferior fronto-orbital bristles. It 
is closely related and is possibly conspecific 
with D. frenchi Froggatt (1909: 92). Bezzi 
(1919: 417) and others have considered D. 
frenchi to be a synonym of D. umbrosus Fabri- 
cius. Perkins (1939: 13) regarded them as 
distinct species which can be separated on 
the basis of size, color of abdomen, and by 
the position of the r-m crossvein. The writers 
have not studied specimens from New Cale- 
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Fic. 22. Dacus (Strumeta) umbrosus Fabricius. a, Wing; 
b, extended ovipositor; ¢c, apex of piercer. 


donia or New Hebrides so cannot confirm 
Perkins’ conclusions. Specimens of Dacus um- 
brosus are on hand, however, from a wide 
range extending from Malaya through the 
Netherlands Indies, the Philippines, New 
Guinea, and New Britain. Specimens from 
the Philippines possess the black lateral mark- 
ings on abdominal terga three and four which, 
Perkins says, distinguish frenchi. They range 
in size, however, from about 7.0 to 8.0 mm. 
for the males, instead of 8.5-9.5 mm. The 
writers have not been able to detect significant 
differences in the position of the r-m cross- 
vein and doubt the taxonomic importance of 
the slight degree of difference in wmbrosus and 
frenchi which has been noted by Perkins. 
The ovipositor has not been described pre- 
viously. The visible portion of the ovipositor 
is about equal in length to the fourth and 
fifth abdominal segments; the basal segment 
is equal in length to the fifth. The extended 
ovipositor (Fig. 224) is approximately 6.7 mm. 
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long. The basal segment is 1.8 mm. long by 
1.2 mm. wide at its broadest point. The in- 
version membrane measures approximately 
2.8 mm. by 0.36 mm. The rasper extends to 
within 0.88 mm. of the base of the segment. 
The piercer is about 2.1 mm. long by 0.21 
mm. wide at its widest point. The tip of the 
oviduct is very near the apex of the piercer; 
it extends to the proximal pair of setae or 
about 0.05 mm. from the apex of the piercer. 
The two distal pairs of setae are much strong- 
er than the proximal pair and extend to or 
beyond the tip of the piercer. The apex of the 
piercer is characteristically rounded (Fig. 22c). 
TYPE LOCALITY: Sumatra. 


Type in the Zoologisk Museum, Copen- 
hagen. 

A large series of specimens are in the pres- 
ent collection from the following localities 
and hosts. 


Malaya: Kuala Lumpur, Feb., 1948-Feb., 
1949, ex Artocarpus polyphema and A. integri- 
folia and in citronella traps (N. L. H. Krauss); 
Malacca, Feb., 1949 (no host) (Krauss); Ser- 
dang, Selangor, June, 1948, ex Artocarpus 
integrifolia (Krauss). 

Philippine Islands: Mintal, Mindanao, Feb., 
1950, ex jakfruit (F. E. Skinner); Dumaguete 
City, Negros Oriental Prov., Apr., 1950, ex 
jakfruit (F. E. Skinner); Los Bafios, July, 1921 
(F. X. Williams and F. C. Hadden). 

Borneo: Tamparuli, Jan—Aug., 1951, ex 
Momordica charantia and Artocarpus integra 
and trapped by methyl eugenol bait (G. 
Angalet and F. E. Skinner). 

The following parasites were reared from 
this species: from Malaya—Opius sp.?, Ta- 
chinaephagus spp.?, Trybliographa daci Weld, 
Pseudeucoila sp.?, and Palinothrix sp.?; from 
Borneo— O. angaleti Fullaway. 


Dacus (ZEUGODACUS) Hendel 


Dacus (Zeugodacus) Hendel, 1927, in Lindner, 
Die Fliegen der Palaeark. Reg. 49, Trypeti- 
dae: 26. 
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Zeugodacus Hendel, Shiraki, 1933, Taihoku 
Imp. Univ., Faculty Sci. and Agr., Mem. 
8, Ent. 2: 78. 

Zeugodacus Hendel, Perkins, 1937, Roy. Soc. 
Queensland, Proc. 48(9): 55, and 1938, 
49(11): 137. 


This subgenus is differentiated from Dacus 
(Strumeta) only by the presence of four scutel- 
lar bristles rather than two. 

GENOTYPE: Dacus (Zeugodacus) caudatus 
Fabricius. 


KEY TO SPECIES OF DACUS (ZEUGODACUS) 


1. Two postsutural yellow vittae on meso- 
a eee rere rrr ere ite 


notum..... 5 ak te ahaa , 3 
2. Faceblack.(Celebes). . terminiferWalker 


Face yellow, with the usual black spots 
in antennal furrows. (Malaya). . 
shadionethetaaed pendleburyi (Perkins) 


3. Wings hyaline, except for costal band 
and cubital streak (except possibly for 
a brownish spot at apex of vein M;+,) 


iheesids 6 


The m crossvein infuscated . . . — 


4. Face entirely yellow. Front femora chiefly 
reddish brown. Anterior median portion 
of mesonotum black. (Philippine Is- 
lands) . ..mundus (Bezzi) 


Face with the usual black spots. Front 
femora chiefly or entirely yellow to ruf- 
ous. Anterior median portion of meso- 
notum brownish red. . 5 


5. Costal band greatly enlarged apically, 
entire apical fourth of wing, through cell 
M:, infuscated; infuscation continuing 
over m crossvein and extending basad 
along vein M;+,. (Celebes).... + 

...emittens Walker 


Costal band not so enlarged and not con- 
tiguous with infuscation on m crossvein 
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6. 


10. 


ad. 


> 


. Face shining black. (Java) 


and without infuscation along Ms+4. 
| eres caudatus Fabricius 


Humeral and notopleural calli joined by 
a broad yellow band. (Philippine Is- 
| ree tetrachaetus (Bezzi) 


OR On ere 7 


. Scutellum all yellow, or with but a nar- 


row band of black at base...........8 


Scutellum with a black spot at apex or 
with a broad black basal band extending 
almost 0.5 ms lengm............... 11 


ee: limbipennis Macquart 
Face chiefly yellow..................9 


. Face with a black spot in each antennal 


RN ae rE ai Br cao gt oe 10 


Face with a transverse band of black 
across lower portion (Fig. 26a). (Java, 
Malaya)....maculipennis (Doleschall) 


Costal band dilated into a distinct apical 
spot (Fig. 25). (Widespread over the 
Orient and southwest Pacific) 


pat aaricel hageni de Meijere 


Costal band not expanded. (Borneo). . . 
eae diaphoropsis (Hering) 
Scutellum with a black spot at apex. 


Femora chiefly yellow.............. 12 


Scutellum with a broad black basal band. 
Legs predominantly brown to_ black. 
Cree timorensis (Perkins) 


. Costal band not markedly expanded at 


apex (Fig. 29¢). Humeral calli black bor- 
dered, at least apically. If costal band is 
slightly expanded, median portion of face 
RRR rere 13 


Costal band dilated into a large spot in 
apex of wing. Humeral calli surrounded 
by a reddish area. (Philippine Islands). 
.. pubescens (Bezzi) 


Black facial spots in antennal furrows 





PACIFIC SCIENCE, Vol. VIII, April, 1954 


extend to oral margin, connected on me- 
dian portion of face by a black mark 
extending through transverse furrow. 
Costal band slightly dilated apically. 
(Malaya)......... maculatus (Perkins ) 


Facial spots not extending to oral mar- 
gin, not connected in middle of face, if 
median portion of face is black the spot 
is isolated (Fig. 294). Costal band not 
a rT errr ree 14 


14. Costal band very narrow and extending 
only to apex of vein Ry+5. Front portion 
of mesonotum, between the humeri, red- 
dish. Larger species, body 8.0-9.5 mm. 
(Philippine Islands) .trimaculatus n. sp. 


Costal band rather broad, extending half- 
way through cell Rs at apex of wing. 
Front portion of mesonotum black. 
Smaller species, body, 5.0-5.5mm. (Phil- 
ippine Islands).....scutellinus (Bezzi) 


Dacus (Zeugodacus) caudatus Fabricius 
Fig. 23 


Dacus caudatus Fabricius, 1805, Syst. Antl., 
276. 


This species has often been erroneously 
recorded from many world areas (including 
the Philippines) where it apparently does not 
occur. It is obvious that most of the references 
to D. caudatus in the literature should actually 
pertain to D. hageni de Meijere. To clarify 
this situation, we feel that it is appropriate 
to discuss caudatus with the Philippine Dacini. 
It is differentiated from hageni by the presence 
of a brown cross band extending over the m 
crossvein (Fig. 23c). Refer to our notes under 
D. (Zeugodacus) hageni de Meijere. It appears 
to fit the characteristics of hageni other than 
for the wing and the ovipositor (Fig. 234). 

Ovipositor: The exposed portion, in situ, is 
slightly longer than the combined lengths of 
segments four and five. The extended ovi- 
positor (Fig. 234) measures about 5.5 mm. 
The piercer measures about 1.8 mm. by 0.21 
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Fic. 23. Dacus (Zeugodacus) caudatus Fabricius. a, Ex- 
tended ovipositor; b, apex of piercer; c, wing. 


mm. at its widest point. The oviduct opens 
about 0.15 mm. from the apex, and a median 
groove extends from the opening almost to 
the tip. The preapical setae are situated very 
close to the apex, within about 0.02 mm.; 
the two distal pairs of setae are large and 
extend well beyond the apex of the piercer; 
the two proximal pairs are tiny. The apex is 
broad and indistinctly trilobed (Fig. 230). 
The inversion membrane (eighth segment) is 
about 2.2 mm. long by 0.42 mm. wide at its 
widest point; the rasper extends to within 1.1 
mm. of the base of the segment. The basal 
segment (segment seven) is about 1.53 mm. 
long by 1.35 mm. wide at its widest point. 
The spiracles are situated about 0.18 mm. 
from the anterior corners of the segment. 

Length: Body, 7.0-8.5 mm.; wings, 6.5- 
7.5 mm. 

TYPE LOCALITY: Java. 
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Type in the Zoologisk Museum, Copen- 
hagen. 

This species was not represented in the 
collections sent in by the collectors connected 
with the biological control of fruit flies pro- 
gram. We have examined specimens from Java 
(from the Zoologisches Museum der Uni- 
versitat Berlin) and a series of specimens 
submitted by the U. S. Department of Agri- 
culture which had been intercepted at Hobo- 
ken, N. Y., infesting seeds of Macrozanonia 
macrocarpa from Indonesia (J. M. Adams). 


Dacus (Zeugodacus) diaphoropsis 
(Hering), n. comb. 


Zeugodacus diaphoropsis Hering, 1952, Treubia 
21(2): 268-269, fig. 2. 


This species appears to be most closely 
related to D. hageni de Meijere and is dis- 
tinguished by having the costal band of uni- 
form width, not expanded at the apex. It has 
been adequately described by Hering, except 
for genital characters. 

Length: Wings, 6.4 mm. 

TYPE LOCALITY: Samarinda, Borneo. 

Type in the Leidener Museum. 

It is known only from the type male. 


Dacus (Zeugodacus) emittens Walker 
Fig. 24 


Dacus emittens Walker, 1860, Linn. Soc. Lon- 
don, Proc. 4: 152. 

Dacus chrysotoxus Hendel, 1912, Suppl. Ent. 
1: 24. 


This species is related to D. caudatus Fabri- 
cius. It is distinguished by the greatly ex- 
panded costal band, filling all the apical 
fourth of cell Me, continuing as a transverse 
band across the m crossvein and also as a 
longitudinal mark along vein M3+4. Dr. K. 
L. Knight studied the specimens in the British 
Museum collection and informed us that 
there was no specimen labeled as type but 
that five specimens were present from the 
type locality, ‘‘data: Celebes nr. Macassar, 
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A. R. Wallace, B. M. 1858-42.’’ He found 
two species present in this series, two males 
and two females of the species which we take 
to be emittens, and one which appears to be 
a Dacus (Strumeta) related to dorsalis Hendel. 
Walker mentioned the extensive wing infus- 
cation in his description and reterred to a 
number of varieties designated by Greek let- 
ters, his “Var. e male’’ lacked these markings. 
Perkins (1939: 29) says the species possesses 
short but distinct black humeral bristles. 

A female specimen at hand apparently be- 
longs here, although the wing maculations 
differ in some respects from the typical form. 
On our specimen the infuscation over the m 
crossvein does not extend along vein M3+4, 
and the r-m crossvein is slightly infuscated 
(Fig. 244). The costal cells are pale yellow, 
and the apical half of the second costal cell 
is covered with microtrichia; this character 
has not been mentioned in previous descrip- 
tions. Our specimen does not possess the 
black humeral bristles mentioned by Perkins 
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Fic. 24. Dacus (Zeugodacus) emittens Walker. a, Wing; 
b, extended ovipositor; c, apex of piercer. 
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(loc. cit.); a moderately well-developed yellow- 
red humeral is present on the right side, this 
is absent (or broken off?) on the left. Our 
specimen also has no black bands over the ab- 
dominal segments, but the basal portion of the 
third tergum is brown. A brown longitudinal 
vitta is present over only about three fourths 
of the fifth tergum. Walker’s description of 
the abdomen was rather vague, i.e., “a black 
middle band, behind which there is a slight 
longitudinal black line.’’ Hendel, in his de- 
scription of chrysotoxus, states that the first 
tergum had black bases and that a black me- 
dian line extended over terga four and five. 

Ovipositor: Very elongate, extended (Fig. 
24b) it measures 7.26 mm. The piercer is 
about 2.13 mm. long by 0.21 mm. wide at 
its widest point. Two large and two small 
preapical setae are present (Fig. 24c). The 
distal pair are situated about 0.02 mm. from 
the apex. The opening of the oviduct is about 
0.15 mm. from the apex of the piercer. The 
inversion membrane is about 3.0 mm. long 
by 0.83 mm. wide at its widest point. The 
rasper is situated about 1.27 mm. from the 
base of the segment. The basal segment is 
2.13 mm. long by 1.48 mm. wide measured 
across its hind margin. The spiracles are lo- 
cated about 0.31 mm. from the anterior lateral 
margins of the segment. 

Length: Body, 9.0-10.0 mm.; wings, 8.5- 
9.5 mm. 


TYPE LOCALITY: Makassar, Celebes. 

Cotypes are in the British Museum and in 
the Australian National Museum, Melbourne. 

Hendel’s specimen was from Formosa. The 
specimen discussed above is labeled “Am- 
boina, F. Muir.” 


Dacus (Zeugodacus) hageni de Meijere 
Fig. 25 


Dacus hageni de Meijere, 1911, Tijdschr. v. 
Ent. 54: 375. 

Dacus caudatus vat. nubilus Hendel, 
Suppl. Ent. 1: 16. New synonymy. 
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Zeugodacus caudatus Perkins, 1938, Roy. Soc. 
Queensland, Proc. 49(11): 139. 

Zeugodacus nubilus heinrichi Hering, 1941, Si- 
runa Seva 3: 11. New synonymy. 

Zeugodacus bezzianus Hering, 1941, Arb. iiber 
Morph. u. Taxonom. Ent. 8(1): 26. New 
synonymy based upon a comparison of 
large series of specimens from Formosa and 
India. 


It seems obvious that D. nubilus is synony- 
mous with D. hageni de Meijere. We find 
no way of distinguishing these on the basis 
of the original description of hageni. Bezzi 
(1916: 109) and Perkins (1938: 138) indicated 
that Aageni could be separated from nubilus 
by the presence of two (not three) pairs of 
inferior fronto-orbital bristles. We have found 
this character not entirely reliable for dis- 
tinguishing this species. A large series of 
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specimens on hand from the Philippines has 
predominantly just two pairs. Often individ- 
uals are seen which have two pairs on one 
side of the front and three on the other. 

We see no advantage in maintaining Her- 
ing’s heinrichi, certainly not as a subspecies. 
A fair share of the specimens examined from 
Borneo and the Philippines fit typical Aein- 
richi, but so many intergrades are seen that it 
does not seem practical to separate the spec- 
imens according to these color variations. 
Hering says that Aeimrichi differs from For- 
mosan nubilus by being larger in size (the 
large series we have studied averages about 
the same as typical agen). He separated it 
by its having a narrower central reddish-brown 
stripe down the mesonotum, narrower than 
the distance between the prescutellar bristles; 
by having the black submedian stripes run- 
ning together behind the central postsutural 


Fic. 25. Dacus (Zeugodacus) hageni de Meijere. 24, Mesonotum; b, wing; c, extended ovipositor; @, apex of piercer. 
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yellow vitta and by having the black spots 
on the sides of abdominal terga four and five 
and the band on tergum three narrower than 
in the typical form. These characters seem to 
vary a great deal throughout the region cov- 
ered in this study. 

This species is closely related to D. caudatus 
Fabricius, and it is probable that most of the 
references to caudatus in the literature actually 
pertain to hageni. We are indebted to Dr. E. 
M. Hering for supplying information con- 
cerning the characteristics of caudatus, based 
upon the typical form from Java. D. hageni 
is a very widespread species and is obviously 
quite variable in coloration. Typical hageni 
differ from caudatus by lacking the brownish 
infuscation over the m crossvein and by hav- 
ing the femora all rufous or yellow, usually 
not brown to black at the apices (this varies 
considerably throughout the range of the spe- 
cies). The ovipositors are very different in the 
two species (compare Figs. 23) and 25d). 
Perkins (1938: 138), in his key to the species 
of Zeugodacus, distinguishes nubilus from cau- 
datus by its lack of lateral frontal spots. The 
presence or absence of spots or discolorations 
at the bases of the frontal bristles does not 
appear of particular value in separating these 
two species. 

D. hageni is distinguished from other Dacus 
(Zeugodacus) by having the costal band ex- 
panded into a large spot in the wing apex 
(Fig. 255); by the all-yellow scutellum; by 
the three yellow vittae on the mesonotum; 
and by usually having three pairs of inferior 
fronto-orbital bristles. 

Head: The facial spots are moderately large 
and circular in shape, the spots vary consider- 
ably in size. The front has no distinct brown 
spots at the bases of the bristles. The front 
usually has three pairs of inferior fronto- 
orbital bristles. Specimens from Claveria and 
Gamalang, Mindanao, are predominantly 
atypical in that the great majority have two 
pairs of inferior fronto-orbitals. The sides of 
the abdomen are also more blackened than in 
the typical form. Thorax: The postsutural yel- 
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low vittae are broad and conspicuous. The 
median yellow vitta nearly fills the space be- 
tween the prescutellar bristles; the median 
vitta narrows gradually anteriorly. The ante- 
rior median portion of the mesonotum is 
largely rufous in the space marked off by the 
outer scapular bristles. This rufous coloration 
extends posteriorly, narrowing behind, to the 
suture; it is often interrupted longitudinally 
by a narrow, shiny brown to black line ex- 
tending down the middle from the median 
yellow vitta to the anterior margin of the 
mesonotum (Fig. 25a). The areas between 
the vittae and behind the humeri are black. 
Wings: As in Figure 250, the apical spot varies 
considerably in size. Legs: The front two pairs 
of coxae are yellow, and the hind pair is 
brownish. The femora are chiefly yellow to 
rufous, sometimes with brown to black apices, 
and the tibiae are brown to black. The spec- 
imens from this region fit the subspecies (or 
variety) femoralis (Hendel, 1934: 11) (de- 
scribed from China) as the front femora 
usually possess a brown to black dorsal spot 
near their apices and the middle and hind 
pairs are usually brownish at the apices. This 
character apparently varies considerably, es- 
pecially in teneral specimens, and is of ques- 
tionable value. Abdomen: The bases of terga 
one to three are black, and three to five have 
a broad black vitta extending longitudinally 
down the middle. The lateral margins of the 
terga are usually blackened. Ovipositor: The 
basal segment is nearly twice as long as the 
fifth abdominal segment. The extended ovi- 
positor is about 6.0 mm. in length (Fig. 25c). 
The basal segment measures about 1.6 mm. 
long by 1.2 mm. wide at its widest point. 
The spiracles are situated about 0.26 mm. 
from the base, measured on the side. The 
inversion membrane is about 2.1-2.4 mm. 
long by 0.4 mm. wide at its broadest point. 
The rasper extends to within about 1.0 mm. 
of the base of the segment. The piercer is 
about 1.8-2.0 mm. in length by 0.26 mm. 
in width (measured at the base). The tip of 
the oviduct is about 0.3 mm. from the apex 
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of the piercer. The setae are situated just be- 
fore the apex of the piercer; the distal two 
pairs are strongly developed and extend well 
beyond the tip of the piercer (Fig. 25d); the 
proximal pair is small and inconspicuous. 

Length: Body, 7.0-9.0 mm.; wings, 6.5— 
8.0 mm. 

TYPE LOCALITY: Tandjong Morawa, Ser- 
dang, Sumatra. 

Type in the Leidener Museum. 

Large numbers of specimens are in the pres- 
ent collection from the following localities 
and hosts. 

Malaya: Kuala Lumpur, Nov., 1948—Apr., 
1949, ex Lagenaria vulgaris, Benincasa cerifera, 
and cucumber (N. L. H. Krauss); Serdang, 
Selangor, Dec., 1948—Jan., 1949, ex cucurbit 
fruits and Luffa cylindrica (N. L. H. Krauss). 

Borneo: Tamparuli, Jan.—June, 1951, ex 
Luffa acutangula, carambola, Baccaurea angu- 
lata, cucumber, Lagenaria leucantha, Momor- 
dica charantia, and Artocarpus integra (F. E. 
Skinner and G. Angalet); Mengetal, June, 
1951, ex guava, mango, and Averrhoa caram- 
bola (G. Angalet); Turan, Apr.—May, 1951, 
ex carambola, Luffa acutangula, and Momor- 
dica charantia (G. Angalet); Kota Baru, April, 
1951, ex Baccaurea angulata and guava (G. 
Angalet); Tiaran, May, 1951, ex Eugenia java- 
nica; Telepok, May, 1951, ex Eugenia javanica 
(G. Angalet); Kota Belud, June, 1951, ex 
Dracontomelum dao, Cucurbita maxima, and an 
“unknown host” (G. Angalet); Jesselton, 
July, 1951, ex Luffa acutangula (G. Angalet); 
one labeled ‘““W. Borneo, Telol Ayer (F. 
Muir).”’ 

Philippine Islands: Los Bafios, Mar.—June, 
1925 (C. E. Pemberton); Gamalang, Minda- 
nao, Aug.—Sept., 1950, ex Luffa cylindrica and 
Trichosanthes sp.? (F. E. Skinner); Bugo, Min- 
danao, Dec., 1949, ex “‘inidentified cucurbit”’ 
(F. E. Skinner); Davao, Mindanao, Mar., 
1950, ex Momordica cochinchinensis and Luffa 
acutangula (F. E. Skinner); Claveria, Misamis 
Oriental, Mindanao, Jan., 1950, ex Lagenaria 
sp. (F. E. Skinner); Del Monte, Mindanao, 
Jan., 1950, ex cucumber (F. E. Skinner); 
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Aroman Expt. Sta., Cotabato, Sept., 1952 (H. 
Townes); Penal Colony, Davao, Mindanao, 
Aug., 1950, ex Momordica cochinchinensis (F. 
E. Skinner). 

This species appears to be nearly free of 
parasites in the areas covered in this report. 
Of the many thousands of specimens which 
were sent in by the collectors in the field only 
20 specimens of Opius makii Sonan were reared 
(from Mindanao, Philippine Islands, D. ha- 
geni, ex Trichosanthes sp.?). Opius angaleti 
Fullaway may possibly parasitize this species; 
it has been reared from fruits (in Borneo) 
infested with both hageni and Callantra smier- 
vides Walker. 


Dacus (Zeugodacus) limbipennis 
Macquart 


Dacus limbipennis Macquart, 1843, Dipt. Exot. 
2(3): 217. 

Zeugodacus limbipennis Macquart, Perkins, 
1938, Roy. Soc. Queensland, Proc. 49(11): 
140-141, fig. 2. 

Zeugodacus atrifacies Perkins, 1938, Roy. Soc. 
Queensland, Proc. 49(11): 140. 


This species was redescribed by Perkins. 
The original description is very brief, and it 
is possible that Perkins’ male specimen from 
Malaya may be quite a distinct species from 
Macquart’s /imbipennis. It agrees with the orig- 
inal description in having the face shining 
black with yellow margins. There are no other 
details in Macquart’s description which are of 
much value in placing the species. In the 
event that these should prove to be distinct 
species, Perkins has proposed the name a¢ri- 
facies for his specimen. 

Dacus limbipennis (as defined by Perkins) 
resembles D. terminifer Walker because of the 
black face. It is distinguished from the latter 
by the presence of three postsutural yellow 
vittae on the mesonotum. 

Length: Body, 5.5-6.0 mm.; wings, 5.0- 
5.5 mm. 

TYPE LOCALITY: Java. 

Type in Paris, according to Bezzi (1913: 74). 











192 


Perkins’ specimen was from Bukit Kutu, 
Selangor. It is in the Selangor Museum. We 
have not seen this species. 


Dacus (Zeugodacus) maculatus 
(Perkins), n. comb. 


Zeugodacus caudatus var. maculatus Perkins, 
1938, Roy. Soc. Queensland, Proc. 49(11): 
139-140. 


This appears to be a distinct species rather 
than just a variety of D. hageni (caudatus of 
Perkins). Perkins’ description is very incom- 
plete, but maculatus seems to be distinctive 
because of the presence of a large black spot 
at the apex of the scutellum;. because of the 
costal band not extending through the mid- 
dle portion of cell Rs and not strongly ex- 
panded into a large apical spot; because of the 
three postsutural yellow vittae and the yellow 
humeri; also by having the median portion 
of the face black. Perkins states, “The facial 
markings are in the form of two triangular 
black spots, whose apices reach the oral mar- 
gin, and whose bases run along the transverse 
furrow of the carina, meeting in the middle.”’ 

TYPE LOCALITY: Bukit Kutu, Selangor. 

Type in the Selangor Museum. 

Known only from the type female. 


Dacus (Zeugodacus) maculipennis 
(Doleschall ) 
Fig. 26 


Bactrocera maculipennis Doleschall, 1856, Na- 
tuurk. Tijdschr. Nederland. Indié 10: 412, 
pl. 2, fig. 1. 


This species is readily distinguished from 
other Zeugodacus known from this region by 
the presence of a black transverse band across 
the median portion of the face (Fig. 26a). It 
resembles Aageni in most other respects. Dacus 
diffusus Walker (1860: 153) appears to be 
closely related to maculipennis. 

MALE. Head: Three pairs of inferior fronto- 
orbital bristles are present, the lower two pairs 
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FiG. 26. Dacus (Zeugodacus) maculipennis (Doleschall). 
a, Front view of head; b, wing. 


are situated very close together. The front is 
rather broad, is almost as wide as one eye and 
about 1.25 times as long as wide. The front 
is slightly expanded on the lower portion, and 
indistinct brown spots are present at the base 
of the bristles. The antennae are rufous, with 
a brownish tinge in the ground color of the 
third segment. The third segment is four 
times as long as wide and is about equal in 
length to the face. Thorax: Predominantly 
black with the usual yellow areas, including 
three moderately broad postsutural yellow 
vittae; the median one is pointed on each 
end and extends from just behind the suture 
to the prescutellar bristles. The scutellum is 
yellow except for a very narrow black basal 
band. Legs: Chiefly yellow to rufous with 
discolorations of brown over the hind tibiae, 
on the ventral surfaces of the front tibiae, and 
on the apicodorsal surfaces of the front fem- 
ora. Wings: The costal cells are hyaline and 
devoid of microtrichia except at the apex of 
the second cell. The costal band is compara- 
tively narrow through most of its length but 
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is expanded into a distinct wing spot at the 
apex; the band does not extend into cell R; 
except near the apex of vein Rs, and it extends 
through the upper two fifths of the apex of 
cell R; (Fig. 266). The narrowed portion of 
the cubital cell is about four times as long as 
the distance from the apex of the cell to the 
wing margin. Abdomen: Chiefly rufous with 
black bands across the bases of terga two and 
three, with a narrow brown to black vitta 
extending down the median portion over seg- 
ments three to five and with large brown to 
black spots on each anterior lateral margin of 
terga four and five. The submedian oval areas 
on the fifth tergum are rufous in ground color, 
are densely covered with pale pile, and are 
gray pollinose. 

Length: Body, 7.5-8.0 mm.; wings, 7.0- 
7.5 mm. 

We have no information on the female of 
this species. 

TYPE LOCALITY: Java. 

Type in Vienna, according to Bezzi (1913: 
75). 

We have seen this species from Singapore, 
Malaya, Mar., 1907 (F. Muir) and from Pa- 
soeroean, Java, Apr., 1914 (F. Muir). 


Dacus (Zeugodacus) mundus 
(Bezzi), n. comb. 
Fig. 27 


Chaetodacus mundus Bezzi, 1919, Philippine 
Jour. Sci. 15(5): 429-431. 

Zeugodacus tibialis Shiraki, 1933, Taihoku Imp. 
Univ., Faculty Sci. and Agr., Mem. 8(2): 
96-98. New synonymy. 


This species belongs in the agent group 
and resembles that species very closely. It is 
distinguished from D. hageni de Meijere by 
having the posterior crossvein fumose; by its 
all-yellow face and by having no yellow mark- 
ings on the mesonotum before the suture. It 
is differentiated from D. caudatus Fabricius by 
its all-yellow face and by the darker colora- 
tion on the front femora and the mesonotum. 
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This species has been adequately described 
and figured, except for female genital char- 
acters, by Bezzi and Shiraki (as cited above). 
It is obvious that Zeagodacus tibialis Shiraki is 
the same as mundus. Shiraki’s description and 
figures fit this species in all details. Perkins’ 
key (Perkins, 1938: 138), couplet 20, is mis- 
leading; it separates mundus from tibialis on 
the basis of whether or not the costal band 
is dilated to form an apical spot. The costal 
band is not noticeably dilated in mundus and 
is the same as Shiraki’s figure (1933, pl. II, 
fig. 6) of tibialis. 

Ovipositor: The visible ovipositor (én situ) 
is nearly equal in length to abdominal seg- 
ments three to five combined (1.3—1.5 mm.). 
The extended ovipositor is about 6.0 mm, 
long. The basal segment is 2.25 mm. long. 
The inversion membrane is evidently about 
2.25 mm. long (it could not be reverted in 
the specimen at hand), and the piercer is 1.5 
mm. in length. The oviduct opens about 0.19 
mm. from the apex, and the setae are very 
close to the tip of the piercer (Fig. 27). 

TYPE LOCALITY: Luzon, Philippine Islands. 
Bezzi also recorded it from Panay and Min- 
danao. 





FiG. 27. Dacus (Zeugodacus) mundus (Bezzi). Apex 
of piercer. 
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A specimen in the U. S. National Museum 
labeled ‘‘Los Bafios, P. I., Baker’ and “1333” 
is apparently the type. 

Shiraki’s specimens of tibialis were from 
Kashoto and Taito, Formosa, ex Cucurbita 
maxima Duch. 

A single female specimen was present in 
the collections from Bugo, Mindanao, P. I., 
Dec., 1949, ex ‘“‘unidentified cucurbit’”’ (F. E. 
Skinner). This specimen was reared from the 
same host material as a fairly large series of 
D. hageni. A specimen is also at hand from 
Los Banos, P. I., 1916 (F. X. Williams). 


Dacus (Zeugodacus) pendleburyi 
(Perkins), n. comb. 


Zeugodacus pendleburyi Perkins, 1938, Roy. Soc. 
Queensland, Proc. 49(11): 141-142, fig. 4. 

Paradacus pendleburyi (Perkins) Hering, 1952, 
Treubia 21(2): 266-267. 


Hering placed this under Paradacus and de- 
scribed the allotype male as such. We believe 
it is obvious that he was incorrect in assuming 
that his specimen lacked prescutellar bristles; 
he said that because of the position of the pin 
through the prescutellar area he was unable 
to be sure of the presence or absence of these 
bristles. Perkins in the original description 
stated that prescutellars were present. 

D. pendleburyi is readily distinguished from 
other Zeugodacus, known from this region, by 
having just two postsutural yellow vittae and 
the usual black spots in the antennal furrows 
of the face. It is similar to D. timorensis (Per- 
kins) because of its dark brown to black legs 
and the broad black stripe across the base of 
the scutellum; it differs by the absence of the 
median postsutural yellow vitta. The wings 
are also distinctive in that they lack a cubital 
streak. 

Length: Body, 7.0-7.5 mm.; wings, 5.5— 
6.0 mm. 

TYPE LOCALITY: Selangor. Hering’s allotype 
male is from Djampangs, Tjiajunan. 

Type in the Selangor Museum. 

We have not seen this species. One spec- 
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imen on hand labeled ‘‘Los Bafios, Laguna 
P. I., July 7, 1930, F. C. Hadden” is very 
close to pendleburyi but has a broad, black 
longitudinal stripe over the scutellum and 
yellow to rufous femora. 


Dacus (Zeugodacus) pubescens 
(Bezzi), n. comb. 
Fig. 28 


Chaetodacus pubescens Bezzi, 1919, Philippine 
Jour. Sci. 15(5): 434, pl. 2, fig. 2. 

Chaetodacus scutellatus Bezzi, 1916, Bul. Ent. 
Res. 7: 114 (mec Hendel, 1912, Suppl. Ent. 
1: 20). 


This species is related to D. scutellinus (Bez- 
zi) and trimaculatus n. sp. by having a black 
spot at the apex of the scutellum. It is dis- 
tinguished by the dilated costal band which 
forms an apical wing spot; by having three 
pairs of inferior fronto-orbital bristles, not 
two; also by having the humeri bordered by 
rufous, not black. 

Head: Face with two rather small, round 
spots and with brownish spots at the bases 
of the frontal bristles. Thorax: The mesono- 
tum has three broad yellow stripes behind the 
suture and two submedian stripes before the 
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Fic. 28. Dacus (Zeugodacus) pubescens (Bezzi\. a, Ex- 
tended ovipositor; 5, apex of piercer. 














suture. The mesonotum has distinct black 
markings. Legs: Chiefly reddish yellow, the 
hind tibiae are brownish. Wings: (See Bezzi, 
loc. cit., pl. 2, fig. 2) with a rather narrow costal 
band expanded into a moderately large spot 
at the apex. The cubital streak is broad and 
fills all the base of cell My. A small brown 
spot is present at the apex of vein M3+.. 
Abdomen: With black basal bands on the sec- 
ond and third terga and with a median longi- 
tudinal vitta extending over terga three to 
five; these latter segments are black on the 
sides. 

Length: Body and wings, 8.0-8.5 mm. 

The female has not been previously de- 
scribed. In most details it fits the description 
of the male as given in the original. The front 
is approximately 1.5 times as long as wide. 
The facial spots are elongate, pointed on their 
lower edges. The narrowed portion of the 
cubital cell is equal in length to vein Cu,+ 1st 
A. Ovipositor: The basal portion when viewed 
from above (in situ) is approximately equal to 
the length of the fifth abdominal segment. 
The extended ovipositor (Fig. 282) measures 
about 5.8 mm. The piercer is trilobed at apex 
(Fig. 284) and has two long and two short 
preapical setae on each side; the distal pair 
is situated about 0.06 mm. from the apex of 
the piercer. The piercer measures about 1.74 
mm. long by 0.18 mm. wide at its widest 
point. The opening of the oviduct is situated 
about 0.25 mm. from the apex of the piercer. 
The inversion membrane measures about 2.36 
mm. long by 0.31 mm. wide, and the rasper 
extends to within 1.0 mm. of the base of the 
segment. The basal segment measures 1.69 
mm. by 1.32 mm., and the spiracles are lo- 
cated 0.36 mm. from the anterior lateral mar- 
gins of the segment. 

TYPE LOCALITY: Laguna Province, Los Ba- 
fios and Mt. Makiling. 

We have studied a specimen in the U. S. 
National Museum labeled ‘Mt. Makiling 
(another spelling for Maquiling), Luzon 
(Baker).”” This is probably the type. We have 
also seen it from Manila, 1909 (G. Compere), 
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and from Mt. Makiling, Laguna, Luzon, Jan. 
26, 1921 (G. C. Ladrera). 


Dacus (Zeugodacus) scutellinus 
(Bezzi), n. comb. 


Chaetodacus scutellinus Bezzi, 1916, Bul. Ent. 
Res. 7: 113, pl. 2, fig. 11. 


This species is related to D. pubescens (Bez- 
zi) and to D. trimaculatus n. sp. It is consider- 
ably smaller than either of these species. It 
is differentiated from the former by lacking 
the two presutural yellow vittae and by not 
having the costal band expanded at the tip of 
the wing. It differs from trimaculatus in having 
the costal band comparatively broad and the 
mesonotum chiefly black. It has been ade- 
quately described by Bezzi (1919: 432—433) 
except for the characteristics of the ovipositor. 

Length: Body and wings, 5.0-5.5 mm. 

TYPE LOCALITY: Laguna Prov., Mt. Makil- 
ing, Luzon. 

One female in the U. S. National Museum, 
labeled in red, from the type locality, is prob- 
ably the type although it has never been 
marked as such. 

This species was not represented in the 
collections at hand; the senior author has 
studied the above-mentioned female at the 
U. S. National Museum. 


Dacus (Zeugodacus) terminifer Walker 


Dacus terminifer Walker, 1860, Linn. Soc. Lon- 
don, Proc. 4: 152. 


This species appears to fit closest to D. 
pendleburyi (Perkins) but is distinguished by 
its all-black face. 

Dr. John Smart and Dr. K. L. Knight have 
re-examined the type and have supplied 
enough information so that it can be placed 
fairly accurately. The face is uniformly black, 
and the front has two pairs of inferior fronto- 
orbital bristles. Only two postsutural yellow 
vittae are present on the mesonotum, and the 
scutellum is yellow with a black basal band. 
The legs are chiefly brown to black with the 





196 


front and middle tibiae and bases of hind 
femora rufous. The abdomen is missing in 
the type. 

Length: Body, 5.0 mm. 

TYPE LOCALITY: Makassar, Celebes. 

Type in the British Museum (Natural 
History). 

Known only from the type female. 


Dacus (Zeugodacus) tetrachaetus 
(Bezzi), n. comb. 


Chaetodacus tetrachaetus Bezzi, 1919, Philippine 
Jour. Sci. 15(5): 431-432, pl. 1, fig. 10. 


This species is distinguished from other 
Dacus (Zeugodacus) by having a broad yellow 
band extending between the humeri and the 
notopleural calli. In this respect it is similar 
to D. (Strumeta) continuus (Bezzi). Bezzi allies 
the species to D. mundus (Bezzi), but it lacks 
the brown infuscation over the m crossvein. 

The species was adequately described by 
Bezzi, except for the characteristics of the 
female. We have not seen this species. 

Length: Body and wings, 6.5—7.0 mm. 

TYPE LOCALITY: Panay, Antique Prov., 
Batbatan Island, Philippines. 

Bezzi said the type was in his collection. 
This is in the Museo Civico di Storia Naturale, 
Milan, according to Horn and Kahle (1935). 


Dacus (Zeugodacus) timorensis 
(Perkins), n. comb. 


Zeugodacus timorensis Perkins, 1939, Queens- 
land Univ., Dept. Biol. 1(10): 30-31, pl. 
1, fig. 2. 


This species appears to be related to D. 
scutellinus (Bezzi) but is distinguished by the 
presence of a broad black band extending 
over the basal half of the scutellum and by 
the chiefly brown to black legs. Perkins’ de- 
scription seems to be adequate. 

Length: Body, 6.0 mm.; wings, 5.5 mm. 

TYPE LOCALITY: Koepang, Timor. 

Type in the British Museum (Natural 
History). 
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We have not seen this species. 


Dacus (Zeugodacus) trimaculatus n. sp. 
Fig. 29 


This species runs to Dacus (Zeugodacus) 
scutellinus (Bezzi) in Perkins’ (1938: 138) and 
Bezzi’s (1916: 113 and 1919: 420) keys to the 
species of Dacinae. It apparently resembles 
this species in many details but is considerably 
larger (8.0-9.5 mm. long as compared to 5.0- 
5.5 mm.). The front portion of the meso- 
notum, between the humeri, is reddish, not 
black. The costal band is very narrow through 
cell R; and ends at vein Ry+5; not with a 
rather broad costal band which extends half- 
way through cell Rs. Bezzi states (and figures) 
that veins Ry+; and M;+2 (third and fourth 
veins) are straight and parallel. In trimaculatus 
these veins are distinctly curved (Fig. 29c). 

The species appears much more closely re- 
lated to D. hageni de Meijere than to any other 
Zeugodacus which we have studied. The type 
series were taken in the same habitat and host 
as that species. The two resemble each other 
very closely but are distinguished by the nar- 
row costal band (not enlarged at apex) of 
trimaculatus; by the presence of three facial 
spots and a black apical spot on the scutellum, 
as well as by the more elongate and differ- 
ently developed ovipositor (cf. Figs. 25d 
and 294). 

The presence of the transverse, median 
black spot on the face suggests that this 
might fit near D. maculipennis (Doleschall), 
and in Perkins’ key (/oc. cit.) some specimens 
which have three pairs of inferior fronto- 
orbital bristles would run here. It is disting- 
uished by having the face marked with three 
black spots (Fig. 29d), not a transverse black 
mark (Fig. 26a); by the apical black spot on 
the scutellum, the reddish anterior portion of 
the mesonotum, and by the narrow (not di- 
lated) costal band. 

FEMALE. Head: The front is slightly less 
than 1.5 times as long as wide; the median 
portion is discolored with brown, and a slight- 
ly brownish spot is present at the base of each 
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Fic. 29. Dacus (Zeugodacus) trimaculatus n. sp. a, Mesonotum; 4, front view of head; c, wing; d, apex of piercer; 


e, extended ovipositor. 


of the orbital bristles. There are usually two 
pairs of inferior fronto-orbital bristles present; 
sometimes three pairs are present. There is 
one pair of superior fronto-orbitals. The face 
has a transverse brown to black spot in the 
median portion which extends almost to the 
large black spots in the antennal furrows (Fig. 
29b). The third antennal segment is brown 
to blackish and is slightly longer than the 
face. The occiput is chiefly yellow to rufous; 
the hind portion is brownish colored in some 
specimens. Thorax: Predominantly black on 
the dorsum with three broad, postsutural yel- 
low vittae. The anterior portion of the thorax, 
between the humeri, is rufous. The meso- 
notum is covered with gray pollen; this is 
interrupted from the anterior end of the me- 
dian yellow vitta to the anterior margin by a 
fine black vitta (Fig. 292). The yellow mark 
on the upper portion of each sternopleuron 
is as broad or broader than the upper portion 
of the yellow transverse stripe on the meso- 
pleura. The scutellum is largely yellow with 
a rather small black spot in the median por- 


tion between the anterior pair of bristles. 
Legs: The femora are entirely yellow except 
for slight brownish discolorations on the 
dorsoapical portion of the front pair. The 
tibiae are brown to black. The tarsi are yellow 
except for the brownish apical subsegments. 
Wings: The costal band is moderately narrow 
and does not extend beyond the apex of vein 
Ry+s. The r-m crossvein is curved, is about 
0.75 as long as the section of Mj+2 between 
the r-m and the m crossveins, and is dis- 
tinctly longer than the basal section of vein 
M3+4. The m crossvein is also distinctly curved. 
The attenuated portion of the cubital cell is 
just slightly longer than that portion from the 
apex of the cell to the wing margin (Fig. 29c). 
Abdomen: The first and third terga have com- 
plete bands of black across their base; the 
second tergum has a large black spot in the 
median portion which extends transversely 
across the segment but does not attain the 
lateral margins; it is interrupted by rufous 
coloration toward the sides. A black vitta ex- 
tends longitudinally down the median por- 
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tion from the black band on the third tergum 
to the apex of segment five. The extreme 
lateral margins of the terga are extensively 
blackened. Ovipositor: Long and conspicuous; 
the exposed basal portion (én situ) is equal in 
length to segments four and five. The ex- 
tended ovipositor (Fig. 29e) is very elongate, 
measuring 8.32 mm. The piercer is 2.78 mm. 
by 0.21 mm. The apical portion is trilobate 
and has two pairs of strong bristles and two 
pairs of weak setae (Fig. 29d) situated ap- 
proximately 0.05 mm. from the apex. The 
opening of the oviduct is 0.26 mm. from the 
apex. The inversion membrane is approxi- 
mately 3.0 mm. long by 0.4 mm. wide at its 
widest point, the rasper extends to within 
about 1.4 mm. of the base of the segment. 
The basal segment of the ovipositor is 2.5 
mm. by 1.2 mm., measured across the prox- 
imal margin of the segment. The spiracles 
are situated about 0.47 mm. from the base 
of the segment, measured on the lateral 
margins. 

Length: Body, excluding ovipositor, 8.0- 
9.5 mm.; wings, 7.7—-8.5 mm. 

MALE. Fitting the description of the female 
in most details; the narrowed portion of the 
cubital cell is about twice as long as the dis- 
tance beyond the apex to the wing margin, 
and a well-developed supernumerary lobe is 
present. 

Holotype female and allotype male, Penal 
Colony, Davao, Mindanao, Philippine Islands, 
Aug., 1950, ex Momordica cochinchinensis (F. 
E. Skinner). Sixty-four paratypes (sexes about 
evenly distributed): same data as type and 
Pangi, Mindanao, Philippine Islands, Mar., 
1950, ex Momordica charantia (F. E. Skinner). 

Type, allotype, and a series of paratypes 
deposited in the U. S. National Museum 
collection. The remainder of the paratypes 
are being deposited in the following collec- 
tions: Bernice P. Bishop Museum, British 
Museum (Natural History), Territorial Board 
of Agriculture and Forestry, Hawaiian Sugar 
Planters’ Association, and the University of 
Hawaii. 
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MONACROSTICHUS Bezzi 


Monacrostichus Bezzi, 1913, Philippine Jour. 
Sci. 8: 322. 


This is a well-defined genus readily dis- 
tinguished from other Dacinae by the follow- 
ing characteristics: The presence of a trans- 
verse furrow or depression across the meso- 
notum, connecting the lateral sutures; a dis- 
tinct transverse furrow across the middle of 
the face; the lack of inner orbital, postocellar, 
postvertical, or ocellar bristles; the lack of a 
line of demarcation around the sides and hind 
margins of the humeri; the lack of inner 
scapular bristles; the presence of a pair of 
stout spines near the apices of the front fem- 
ora, below; the rather pointed scutellum; 
the elongate stigma or third costal section of 
the wing and the very short fourth section; 
the strongly incurved basal section of vein 
Mi+2, which greatly narrows the basal three 
fourths of cell 1st M2 (Fig. 30¢) and the 
abbreviated vein Cu;+ Ist A. 

The genus is related to Callantra by the 
elongate antennae (Fig. 30d) and the petiolate 
abdomen. Other workers have considered the 
mesonotal suture as being complete; we have 
found the suture to be interrupted in the me- 
dian portion of the mesonotum (in all the 
specimens examined); the lateral sutures are 
connected by a transverse depression. The 
genus contains but one known species. 

GENOTYPE: Monacrostichus citricolus Bezzi. 


Monacrostichus citricolus Bezzi 
Fig. 30 


Monacrostichus citricola Bezzi, 1913, Philippine 
Jour. Sci. 8: 323. 


A large, very conspicuous species, easily 
recognized by the generic characters given 
above. The following characteristics are sup- 
plemental to those which have been given 
under the generic discussion. 

MALE. Head: Yellow to slightly reddish ex- 
cept for the reddish brown to black antennal 
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Fic. 30. Monacrostichus citricolus Bezzi. a, Mesonotum; 4, lateral view of head; ¢, second segment of antenna; 
d, wing; e, front femur; /, extended ovipositor: g, apex of piercer. 


grooves; a reddish-brown spot in the center 
of the face, just above the oral margin; a dark 
spot on the cheeks at the lower margin of 
each compound eye and another pair on the 
lower part of the front at about the middle 
of the eyes and opposite the bases of the 
antennae. The hind portion of the occiput is 
slightly discolored with reddish brown. The 
head is almost devoid of bristles, only the 
outer vertical bristles are well developed. The 
superior fronto-orbital bristles are rather poor- 
ly developed and inconspicuous, they are 


about 0.5 as long as the vertical bristles, and 
are thin and hair-like. The ocellar bristles are 
less than one third as long as the verticals. 
The antennae are elongate, they are three 
times as long as the face and 1.33 times as 
long as the vertical length of the head. The 
first two segments are elongate, they are about 
equal in length, and the two combined are 
about two thirds as long as the third segment 
(Fig. 304). The second antennal segment is 
very distinctly furrowed on the top margin, 
and at least an indication of the furrow ex- 
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tends almost the full length of the segment 
(Fig. 30c). This is very similar to the longi- 
tudinal seam on the second antennal segment 
which is characteristic of the Calyptratae. The 
second segment has a moderately strong bris- 
tle near the middle on the upper surface. The 
aristae are rather short, they extend scarcely 
to the apices of the third segments; their bases 
are yellow, the apices are black. The face is 
chiefly yellow except for the discolorations 
mentioned above. The face has a rather prom- 
inent tumescence in the middle marked off 
by a moderate concavity above, just below 
the antennae, and a rather deep concavity on 
the lower third of the face (Fig. 30). A dis- 
tinct transverse furrow is present at this point 
on the face and is a chracteristic feature of the 
genus and species. The antennal grooves are 
deep and very conspicuous compared to those 
of other Dacinae. Thorax: Chiefly dark brown 
to black on the dorsum with yellow markings 
on the mesonotum as follows: A broad vitta 
on each side extending from the hind margin 
of the mesonotum to just beyond the suture, 
ending in front of the suture at a point about 
opposite the front margin of the notopleural 
callus (the vitta extends transversely along 
the suture for a short distance); the anterior 
lateral margins from just beyond the front 
margins of the notopleural calli including the 
humeri, except for the front margins, and a 
triangular to heart-shaped spot in the middle 
on the hind third of the mesonotum (Fig. 
30a). The scutellum is yellow except for a 
rather broad brownish band across the base. 
The yellow mark on each mesopleuron is ex- 
panded dorsally so that the entire top margin 
of the sclerite is yellow. The sternopleura each 
have a large yellow spot above, continuous 
with the mesopleural markings, and the ven- 
tral margin is yellowish. The metapleura are 
yellow, the metanotum is black. The meso- 
notum is lightly grayish pollinose with one 
median and two submedian narrow brown 
vittae extending down the back as far as the 
median yellow spot on the hind part of the 
mesonotum. The suture is continuous or 
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nearly so. In the specimens which have been 
studied it is actually narrowly interrupted in 
the middle of the mesonotum, although a 
slight depression does connect the two lines 
(Fig. 30a). The outer scapular bristles are 
strong, the inner are lacking. The humeral 
bristles are lacking, the anterior and posterior 
notopleurals and the three pairs of supraalar 
bristles are strong. The prescutellar bristles 
are lacking, and a single pair of apical scutel- 
lars are present. The halteres are yellow, light- 
ly tinged with brown at their knobs. Wings: 
With a very broad yellow costal band, filling 
all the cells anterior to R; and extending a 
short way into this cell along the under side 
of the last section of vein R4+s. The cubital 
streak is absent except for a brief yellow mark 
in the base of the cubital cell. The costal cells 
are densely covered with microtrichia, as is 
the section of cell R directly above cell M. 
The wing venation is very distinctive and will 
distinguish this species from all other Dacinae 
known to the writers. The third costal section 
(stigma) is very elongate, it is over three 
times as long as the fourth section, and is 
equal to the combined lengths of the first 
two sections. The r-m crossvein is located 
near the apex of the discal cell (1st M2) at a 
point almost opposite the lower end of the 
m crossvein. The cell 1st Mg is strongly nar- 
rowed at its basal three fourths and is ex- 
panded at its apical portion. The first section 
of vein M;+., from the fork to the r-m cross- 
vein, is arcuate and is nearly four times as 
long as the second section. The second sec- 
tion of Mj+s, from the r-m crossvein to m, 
is just slightly longer than the r-m. The apical 
cell (Rs) is distinctly narrowed at the wing 
margin. The attenuated portion of the cubital 
cell is elongate and about equal in length to 
the basal part of the cell or to the length of 
cell M. Vein Cu;+ 1st A extends less than 
halfway to the wing margin (Fig. 30d). There 
is no evidence of a supernumerary lobe in the 
hind portion of the wing. Legs: Chiefly rufous, 
slightly discolored with brownish on the un- 
dersides of the femora, the coxae, and the 
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apical subsegments of the tarsi. The front 
femora each have a pair of strong black spines 
on the outer ventral surface near the apex. 
Abdomen: Very distinctly club-shaped, the 
first two segments are narrow and parallel 
sided and are just half as wide as the remain- 
ing segments. The first tergum is largely yel- 
low with the apical portion brown to blackish. 
The second tergum is yellow except for a 
brown longitudinal band down the middle 
which connects with a broad transverse band 
near the apex of the segment forming a T. 
Terga three and four have brown to black 
bases and yellow apices. The fifth narrows 
rather abruptly into an acute point at its apex, 
. it is yellow in the middle and at the apex and 
black on the sides and in the middle of the 
anterior margin. The venter is chiefly brown- 
ish. The third tergum is not ciliated. The 
genitalia have not been studied. 

Length: Body, 9.5—10.0 mm.; wings, 8.6mm. 

FEMALE. Similar to the male except for 
sexual characters. The costal band is not so 
distinctly yellowed as in the male in the spec- 
imens at hand. The ovipositor is rather short 
(Fig. 30f), about 3.5 mm. long. The piercer 
is slender beyond the basal portion and is 
1.20 mm. long by 0.07 mm. wide at the 
oviduct and 0.25 mm. wide at the base. The 
opening of the oviduct is about 0.42 mm. 
from the apex of the piercer. The flaps over 
the top of the egg channel are very conspicu- 
ous, they extend about two thirds the length 
of the segment and are on the dorsal surface 
of the piercer. There are four pairs of sub- 
apical setae on the piercer; the basal two pairs 
are tiny, scarcely one third as long as the 
apical setae. The apical two pairs are com- 
paratively strong and extend almost as far as 
the tip of the piercer. The distance from the 
bases of the apical set of setae to the tip of 
the piercer is about 1.5 times greater than the 
length of the plate bearing the setae (Fig. 
30g). The piercer is slightly flattened laterally 
and has a distinct convexity on the dorsal 
surface just below the middle. The rasper 
(eighth segment) is 1.30 mm. long, the in- 
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dividual spicules are sharp pointed (Fig. 30f) 
and extend to about 0.38 mm. from the base 
of the segment. 

TYPE LOCALITY: Los Banos, P. 
from citrus. 

Type in the U. S. National Museum. 

The writers have studied specimens from 
the type locality (Baker); from Manila, Phil- 
ippine Islands, ex lime (C. aurantifolia), Feb. 
15, 1929 (A. M. M.), and Tagoloan, Min- 
danao, Philippine Islands, June, 1950 (F. E. 
Skinner). 


I., reared 


SPECIES OF DOUBTFUL POSITION 


Dacus absolutus Walker, 1862, Linn. Soc. Lon- 
don, Proc. 4: 22. 


This species cannot be positively placed 
subgenerically as it is known only from the 
type female. However, with the additional in- 
formation supplied by Dr. K. L. Knight, we 
feel that it may possibly be a Neodacus. He 
noted that it is larger than dorsalis and has the 
following characteristics: Anterior supraalars 
present; one pair of scutellar bristles; face 
spotted as in dorsalis; no median scutal stripe; 
wing with only very slight shading on first 
longitudinal vein, no other shading; scutellum 
all one color; yellow of humerus broken be- 
fore the suture; a black transverse area on the 
second abdominal tergum as well as on the 
third. 

Length: Body, ‘‘6 lines.”’ 

TYPE LOCALITY: Ceram. 

Type in the British Museum. 


Dacus areolatus Walker, 1861, Linn. Soc. Lon- 
don, Proc. 5: 295. 


This species is a true Dacus s. /. according 
to Bezzi (1913: 67). Walker described it as 
having four black spots on the face in his 
latin description and as having two black 
spots in his English description. It is yellow 
brown; the mesonotum has two black stripes 
with two postsutural yellow vittae. The scu- 
tellum is yellow. The abdomen is short, not 
longer than the mesonotum, with a slender, 
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cylindrical ovipositor which is ‘‘as long as the 
preceding part.’’ The legs are yellow. The 
wings have a brown costal band which is 
dilated toward the tip and have two transverse 
bands connected to the costal band. 

Length: Body, 6.0 mm. 

TYPE LOCALITY: Batchian. 

Type in the British Museum. 


Dacus diffusus Walker, 1860, Linn. Soc. Lon- 
don, Proc. 4: 153. 


Walker described this species as having a 
black band on the face and as having two 
short, narrow black stripes on the mesono- 
tum. The wings are “clouded with very pale 
brown about the veins.”” This may possibly 
be related to D. (Zeugodacus) maculipennis 
(Doleschall). 

Length: Body, 8.0 mm. 

TYPE LOCALITY: Makassar. 

Type in the British Museum. 


Dacus maculigera (Doleschall), 1859, Natuurk. 
Tijdschr. Nederland. Indié 17: 122 (Bac- 
trocera). 


This species has been considered as a syn- 
onym of Dacus zonatus (Saunders) by some 
authors, but the synonymy cannot be con- 
firmed as we have not seen specimens from 
this area. 

TYPE LOCALITY: Sarawak, Borneo. 

Type in Vienna. 


Dacus ritsemae Weyenbergh, 1869, Arch. Néer- 
land. 4: 360, pl. 6, figs. 1-5. 


TYPE LOCALITY: Java. 
Bezzi (1913: 78) says “the type is in 
Amsterdam?” 


Dacus strigifinis Walker, 1861, Linn. Soc. Lon- 
don, Proc. 5: 295. 


This may not be a Dacus. Bezzi (1913: 80) 
questioned its generic position. 

TYPE LOCALITY: Batchian. 

Type in the British Museum. 
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An Investigation of Hematochrome Accumulation in the Alga 
Phycopeltis hawaiiensis n. sp.’ 


JOHN W. KING? 


THE PRODUCTION AND ACCUMULATION of 
hematochrome, an orange-red pigment com- 
monly found in the cells of Trentepohliaceae, 
are thought to depend upon certain external 
environmental conditions, as well as upon 
the physiological activity of the cells. Accord- 
ing to Senn (1911) and Geitler (1923), the 
accumulation of hematochrome depends upon 
the quality and intensity of the light reaching 
the cells, food supply, moisture, and rate of 
growth. Senn points out that, in nutritive 
mineral solutions encouraging active growth, 
the amount of hematochrome pigment is 
greatly diminished. In this investigation an 
attempt was made to determine whether or 
not there is a correlation between rate of 
growth and hematochrome accumulation in 
a heretofore undescribed species of Phycopeltis 
found on the campus of the University of 
Hawaii. 


Phycopeltis hawaiiensis n. sp. 


Hematochrome orange-red; thallus circular 
with two concentric areas differing in hue; 
margin entire; filaments branching; no spo- 
rangia or gametangia produced. 

Thallus aurantiaciacus discoideus, centro et 
regio concentrico exteriore in colore distincte 
gradato, margine integro, filamentis ramosis 
saepe oppositis sed trichotomo-simulantibus, 
est. Sporangia et gametangia desunt. 

Holotype, a preparation of material col- 
lected June 12, 1953, on the campus of the 
University of Hawaii, is deposited in the 
Bernice P. Bishop Museum in Honolulu. 





1 Research carried on in the Department of Botany, 
University of Hawaii. Manuscript received June 19, 
1953. 

2 Morgan State College, Baltimore, Maryland. 


Isotypes will be distributed through the 
Museum. 


METHOD OF CULTURING PHYCOPELTIS 


Phycopeltis used in this investigation was 
found growing on the leaves of a member of 
the Araliaceae on the campus of the University 
of Hawaii. In damp, shaded environments the 
alga reaches its ultimate state of development, 
forming numerous orange-colored, cushion- 
like discs on leaves. Upon microscopic ex- 
amination of a disc, the presence of fungal 
hyphae living in close association with the 
alga is revealed. In culture the fungal hyphae 
can be seen intermingled with the algal fila- 
ments. This condition has led many investi- 
gators to consider Phycopeltis to be a lichen. 

Discs were carefully removed from leaves 
and placed on different sterile media as shown 
in Table 1. All media contained a base of 1 
per cent Knop’s nutrient solution (Bold) in 
2 per cent agar. The algae were then cultured 
under natural daylight conditions. The cul- 
tures were observed each day under a wide- 
angle microscope, to discover whether new 
filaments had developed from the discs. 

It is observed from Table 1 that the most 
rapid growth took place when Phycopeltis was 
cultured on a medium containing Knop’s 
nutrient solution in 2 per cent agar. The pres- 
ence of sucrose or juice from the leaves upon 
which the epiphyte grew in the medium re- 
duced the growth rate during the period 
immediately following inoculation. However, 
at the end of 80 days all media had produced 
considerable growth except those containing 
Knop’s solution in agar, juice from leaves 
upon which the epiphyte was growing, and 
sucrose. Since Knop’s nutrient solution in 
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TABLE 1 


A LisT OF MEDIA USED IN THE CULTIVATION OF 
Phycopeltis, SHOWING THE NUMBER OF Days 
NECESSARY FOR NEW FILAMENTS TO APPEAR 


MEDIUM DAYS 

Basic... ; 8 
Basic and sucrose. .. 16 
Basic and juice from leaf upon which the epi- 

phyte grew... vo Oe 
Basic, juice from leaf upon which the epiphyte 

grew, and sucrose...... : . 
Basic, juice from leaf upon which the epiphyte 

grew, and fragmented discs. . . 16 
Basic, sucrose, and fragmented discs. 22 


* Discs did not produce new filaments even after 80 days of 
incubation. 


agar produced the most rapid growth, this 
medium was used to cultivate the algal mate- 
rial needed for further experimentation. 


EXPERIMENTAL PROCEDURE 


The addition of growth-affecting substances 
to the basic media brought about differences 
in rate of growth and in the predominant 
color of the algae, although each medium was 
adjusted to a pH of 5.6 and placed under 
similar environmental conditions. It was ob- 
served that, when a mass of Phycopeltis fila- 
ments is grown on nutrient media, new 
filaments are sent out horizontally from the 
center of the mass, forming a nearly circular 
disc. This being the case, the growth rate of 
an algal mass could be determined by measur- 
ing the change in area covered by the disc, 
a method previously used by the writer (1952). 
The diameters of the masses were measured 
at the time of inoculation and again on the 
thirty-second day after inoculation. The dif- 
ference, in millimeters, was then recorded. 
Four cultures in each class were used in the 
experiment, and the average increase was 
computed. Table 2 shows the color and the 
amount of growth after 32 days of incubation 
under continuous light produced by fluores- 
cent daylight bulbs and natural daylight. 
Temperature under which the cultures grew 
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varied from 25°C. in natural daylight to 33°C. 
in light produced by fluorescent daylight 
bulbs. Experimental results showed, however, 
that this temperature variation had no effect 
upon color change. 

When growth substances were added to the 
basic medium, the algal discs grown thereon 
for 32 days showed a greater increase in area 
covered than did those grown for the same 
length of time on the control medium. Al- 
though all algal masses were predominantly 
green (Fig. 1) at the time of inoculation, a 
distinct change in color was observed in the 
algal filaments grown on most of the media 
containing growth substances. After the 32- 
day growth period, the hematochrome pig- 
ment was predominant in those algae grown 
upon media containing indole acetic acid and 
colchicine in both continuous light produced 
by fluorescent daylight bulbs and in natural 
daylight (Fig. 2). Algae grown upon the me- 
dium containing benzimidazole became 
orange in color when grown under continu- 
ous light produced by fluorescent daylight 
bulbs but remained green under natural day- 
light. Benzimidazole had no effect upon the 


TABLE 2 


RESULTS AFTER ALGAE HAD GROWN ON MEDIA 
FOR 32 Days. GREEN Phycopeltis MASSES 
WERE USED AS INOCULA 











FLUORESCENT NATURAL 
(DAYLIGHT) * DAYLIGHT 
MEDIUM a 
Diameter | Diameter 
Color | increase | Color | increase 
Mm. Mm. 
Basic (controls) .| Green 0.05 Green 0.03 
Basic plus indole | | 
acetic acid 1 | 
gamma/ml....| Orange} 0.12 Orange} 0.09 
Basic plus col- 
chicine 0.1 per | 
COM... Orange) 0.15 | Orange} 0.12 
Basic plus ben- 
zimidazole 2.5 
X 103m. . Orange} 0.09 | Green 0.05 


* Continuous for 24 hours each day. 
+ No light supplied during the night. 
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TABLE 3 


ALGAL Masses WITH ORANGE OR GREEN PIGMENT 
PREDOMINANT, INCUBATED ON MEDIA CONTAINING 
THREE DILUTIONS OF COLCHICINE UNDER 
CONTINUOUS LIGHT PRODUCED BY 
FLUORESCENT DAYLIGHT BULBS 


COLOR OF NEW 

















| FILAMENTS 
COLOR AT |————— 
MEDIUM TIME OF Days after 
INOCULATION} inoculation 
1 4) 8| 16 | 24 
RRR ee Green G|G|G|G 
Orange O | O | OG| OG 
Basic plus colchi- 
cine 0.01 per cent Green G | OG; OG! 
Orange Oo|;0|0O 
Basic plus colchi- 
cine 0.05 per cent Green G|OG| 0O!;} O 
Orange 0;0;0;90 
Basic plus colchi- 
cine 0.1 per cent Green G|OG| 0| 0 
Orange 0;0,;,0; 0 


hematochrome accumulation in cells grown 
under natural daylight. The filaments growing 
on control media did not show a change in 
color under continuous light produced by 
fluorescent daylight bulbs or natural daylight. 


Since colchicine was shown to have a def- 
inite effect upon the growth rate and hema- 
tochrome accumulation in Phycopeltis, expeti- 
ments were conducted using dilutions of this 
chemical. Algal masses showing the predom- 
inance of green or orange pigment were grown 
on media containing three dilutions of col- 
chicine, as shown in Table 3. The cultures 
were grown under continuous light produced 
by fluorescent daylight bulbs and examined 
each day in order to determine any change in 
color. Observations, however, were recorded 
at the day intervals shown in Table 3. Four 
cultures from each class were used in the ex- 
periment. 


After 24 days of incubation, the orange 
pigment was predominant in all the algal 
masses except those grown on the basic me- 
dium; however, the change from green to 


orange required less time when grown upon 
a medium containing 0.05 per cent or 0.1 per 
cent colchicine. In the controls (on the basic 
medium) containing a predominance of green 
pigment at the time of inoculation, there was 
no change in color, but those controls with 
a predominance of orange pigment at the time 
of inoculation showed green pigment mixed 
with orange. 


SUMMARY 


A new species of Phycopeltis, P. hawaiiensis, 
has been discovered growing as an epiphyte 
on leaves of a tree found on the campus of 
the University of Hawaii, Honolulu, Hawaii. 

Phycopeltis discs taken from leaves were cul- 
tured on several media. Those grown on a 
medium containing Knop’s nutrient solution 
in 2 per cent agar produced the most rapid 
growth. The addition of organic substances 
such as sucrose or juice from the leaves upon 
which the epiphyte was growing reduced the 
growth rate during that period immediately 
following inoculation. After 80 days, how- 
ever, all cultures were growing at approx- 
imately the same rate, except one. This 
suggests that the medium containing Knop’s 
nutrient solution in 2 per cent agar more 
closely duplicated the natural nutritional re- 
quirements; therefore, little adjustment was 
necessary. On the other hand, the media con- 
taining additional organic substances did not 
duplicate the natural nutritional requirements 
as closely; therefore, an adjustment period 
was necessary. This brought about a delay in 
the initial growth. As a rule, pigmented algae 
growing on agar medium do not need addi- 
tional organic compounds. There also seems 
to be a limit to how much a medium can be 
enriched with organic compounds and, at the 
same time, produce growth. Media enriched 
with sucrose and juice from the leaves upon 
which Phycopeltis grew produced no growth 
even after 80 days of incubation. 

In all cases except one there was a greater 
accumulation of hematochrome pigment and 
an increase in growth rate when certain 
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growth-affecting substances (indole acetic 
acid, colchicine, or benzimidazole) were added 
to the medium. The culture containing ben- 
zimidazole and grown in natural daylight did 
not show a greater accumulation of hema- 
tochrome pigment or an increase in growth 
rate. No attempt is made to explain the bio- 
chemical effect of growth-affecting substances 
upon Phycopeltis. It is shown, however, that 
a greater accumulation of hematochrome pig- 
ment can be brought about by increasing the 
growth rate. In nutrient media, hematochrome 
accumulation in Phycopeltis is correlated with 
growth rate. The algal masses that showed 
the greatest increase in area covered also con- 
tained the greater amount of hematochrome 
pigment. 

Green Phycopeltis filaments incubated for 
24 days upon media containing colchicine 
became orange in color, whereas orange fila- 
ments treated in like manner did not change 
in color. The green controls remained green, 
but the orange controls showed the presence 
of green filaments. It is quite conclusive that 
colchicine increases the accumulation of hema- 
tochrome pigment in Phycopeltis. 
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PLATE I 


Fic. 1. Filaments of Phycopeltis grown on the basic medium. Observe the predominance of chlorophyll. 


Fic. 2. Filaments of Phycopeltis grown on the basic medium containing 0.1 per cent colchicine. 
Observe the predominance of hematochrome. 




















Observations on the Oxygen Consumption of Certain Marine Crustacea’ 


P. B. VAN WEEL, JOHN E. RANDALL, AND M. TAKATA? 


MANY PAPERS dealing with the respiration of 
Crustacea with respect to ecological problems 
have appeared (Bull, 1931; Edwards and Irv- 
ing, 1943; van Heerdt, 1940; van Heerdt and 
Krijgsman, 1939; Hyman, 1932; Johnson, 
1936; Munro Fox and Simmonds, 1933; Mun- 
ro Fox and Johnson, 1933, 1934; Peters, 1935; 
Raffy, 1934; Thienemann, 1928), but a num- 
ber of these seem to give results of dubious 
validity. The oxygen consumption has been 
measured under different conditions of tem- 
perature, oxygen tension, etc. More recently 
the effect of carbon dioxide on the oxygen 
consumption has also been studied (Johnson, 
1936; van Heerdt, 1940; van Heerdt and 
Krijgsman, 1939; Schlieper and Peters, 1937; 
Segaar, 1941). However, comparative studies 
using the same method and technique on a 
number of Crustacea from different habitats 
are rare, although the results of such investiga- 
tions would have a positive bearing on eco- 
logical and comparative physiological prob- 
lems. It is well known that many animals, 
living in a special habitat, may show a dis- 
tinct physiological adaptation to that habitat. 
Therefore, the oxygen consumption, at vary- 
ing oxygen tensions, was studied in a number 
of Crustacea from different and specific 
habitats. 


MATERIALS AND METHOD 


The following species were selected: Meto- 
pograpsus messor Forskal, a crab which appar- 


1 Contribution No. 46, Hawaii Marine Laboratory. 
Manuscript received August 4, 1953. 

2 Professor of Zoology and graduate students, re- 
spectively, in the Department of Zoology and Entomol- 
ogy, University of Hawaii, Honolulu, Hawaii. 


ently lives for the most part out of the water; 
Pseudozius caystrus Adams and White, which 
lives underneath rocks in the tidal zone; Phy- 
modius ungulatus Milne Edwards and Platy- 
podia granulosa Riippell, which are found in 
abundance between branches of coral; Pseudo- 
squilla ciliata Miers and Calappa hepatica 
Linn., which live on and in sandy flats rather 
devoid of organic matter (as compared with 
muddy flats); Podophthalmus vigil Fabricius, a 
swimming crab found in large numbers on 
and in muddy flats rich in organic matter. 

To determine the oxygen consumption at 
different tensions, each animal was placed in 
a glass tube 20 centimeters long and with an 
inner diameter of 26 millimeters. This tube 
was closed with rubber stoppers through 
which were inserted a glass inlet tube at one 
end, and an outlet tube and a thermometer 
at the other end. Water, containing a known 
quantity of oxygen in solution, flowed from 
a carboy through the tubes. An overflow, 
which gave a constant head of pressure, and 
screw clamps adjusted the flow and kept it at 
a constant rate of 50 cubic centimeters per 
minute (3 liters per hour). Care was taken 
that noair bubbles remained in the whole 
system. Samples of 125 cubic centimeters were 
taken from the in- and outflowing water (5 
minutes ‘‘overflow time”’ was allowed to pre- 
vent errors caused by absorption of oxygen 
from the air) and immediately titrated (Win- 
kler method) to determine the quantity of 
oxygen present. The animals were left in the 
flowing water for at least 30 minutes before 
a sample was taken, whenever water of differ- 
ent oxygen content was used. Control ex- 
periments showed that this period of time 
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was sufficient to equilibrate the oxygen con- 
sumption in the new medium. This method 
also precluded the possibility of an accumula- 
tion of excretions which might affect the 
results of the Winkler titration. 

The animals could move in their containers, 
but usually they very soon became inactive 
and quiet. However, inasmuch as they were 
not artificially immobilized and did move now 
and then, certain fluctuations did appear in 
the oxygen consumption. This condition was 
included because it is known (Jordan and 
Guittart, 1938) that artificial immobilization 
markedly affects the rate of oxygen consump- 
tion. The results of experiments with animals, 
which for some reason or other remained 
restless, were discarded because their oxygen 
consumption was very irregular, as could be 
expected. 

The percentage of oxygen in the water in 
the carboy was varied by bubbling nitrogen 
through it for varying periods of time or by 
adding normal sea water to oxygen-deficient 
water. As the present investigation was con- 
cerned with the effect of varying oxygen ten- 
sions on the oxygen consumption at normal 
temperatures and as no method of maintain- 
ing the temperature at a constant room tem- 
perature was available, no special provisions 
were made to keep the temperature at a con- 
stant level throughout all experiments. How- 
ever, the large carboys (5-gallon capacity) 
insured a comparatively constant temperature 
during a whole experiment, the greatest dif- 
ference encountered being 0.5°C. between 
start and finish. 

Several attempts were made to count the 
number of beats per minute of the scaphog- 
nathites and pleopods. At the normal high 
temperature their movements were so quick 
and the rhythm often so irregular (especially 
at lower oxygen tensions) that it was impos- 
sible to obtain satisfactory counts. However, 
it was sometimes possible to observe an in- 
crease or decrease of the rate of the beats. 

Prior to each experiment the animals were 
starved for 24 hours. 
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EXPERIMENTS 


The results of the determinations of the 
oxygen content of in- and outflowing water 
are presented in Table 1, which also includes 
the weight of each animal and the temperature 
of the water. The percentage of oxygen con- 
sumed by the animals as a function of oxygen 
present in the inflowing water has been 
computed. 


TABLE 1 


THE PERCENTAGE OF OXYGEN CONSUMED FROM 
FLOWING WATER OF VARIED OXYGEN CONCEN- 
TRATION BY SEVERAL SPECIES OF CRUSTACEA 





| CC. OF O2 PER | PERCENTAGE 

















LITER OF OXYGEN 
SPECIES 
| | CONSUMED 
Inflow | Outflow 

Pseudozius caystrus | 6.24 6.08 | 2.6 
Weight 6.24 6.06 2.9 
3 grams 6.09 5.93 2.6 
Temperature 5.28 5.18 1.9 
27.5-27.8°C. | 4.38 4.26 2.7 
| 4.38 4.23 3.4 
4.38 4.20 4.1 
2.88 | 2.83 1.7 
2.88 | 2.84 | 1.4 
| 259 | 2.42 6.6 
| 2.17 1.99 8.3 
| 1.67 1.57 6.0 
| 1.67 1.57 6.0 
a; ie eo 7.1 
1.27 | 1.14 10.2 
1.21 1.11 8.3 
1.18 | 1.13 4.2 
1.18 1.13 4.2 
Weight 6.18 6.01 2.8 
2.9 grams 6.12 5.97 a3 
Temperature 6.12 | 5.98 | 2.6 
26.6-27.0°C. 5.61 | 5.50 2.3 
440 | 4.31 | p 
4.40 4.29 | 2.5 
3.83 | 3.76 | 1.9 
3.51 3.46 1.4 
2.90 2.86 1.4 
2.63 | 2.48 7 
| 2.08 | 1.93 7.0 
1.80 | 1.66 | 7.8 
1.59 1.46 | 8.2 
1.31 | 1.19 | 9.1 
1.31 | 1.20 | 8.5 
| 1.12 1.08 | 3.6 
| 1.12 1.07 4.5 
| 1.12 1.07 | 4.5 
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TABLE 1 (Continued) TABLE 1 (Continued) 
| CC. OF O2 PER PERCENTAGE | CC, OF Oo PER PERCENTAGE 
LITER OF OXYGEN LITER OF OXYGEN 
SPECIES . CONSUMED SPECIES ; * CONSUMED 
Inflow | Outflow | Inflow | Outflow 
Metopograpsus messor| 6.24 | 6.03 3.4 | 3.30 2.81 | 14.8 
Weight | 6.24 | 6.08 | 2.6 | 3.28 2.73 | 168 
5.9 grams | 5.71 | 5.62 1.6 | 3.18 | 2.80 | 12.0 
Temperature | 5.71 | 5.64 1.2 | 2.99 2.52 | 15.7 
27.5-27.8°C. 5.28 | 5.16 2.3 2.75 2.33 | 15.3 
5.28 | 5.19 1.7 2.69 2.33 | 13.4 
4.38 4.18 4.5 2.61 2.19 | 16.1 
4.38 | 4.21 3.9 | 2.58 | 2.24 13.2 
3.91 3.79 3.1 | 2.20 | 1.76 20.1 
| 3.91 3.82 | 2.3 1.98 | 155 | 21.7 
2.88 2.81 2.4 183 | 1.37 | 25.1 
2.88 2.78 3.4 1.59 | 1.22 23.3 
2.59 2.40 7.3 1.54 | 1.19 22.7 
2.59 2.45 5.4 1.45 1.05 27.6 
2.17 | 1.93 | 111 1.35 | 0.98 27.4 
2.17 | 1.98 | 8.8 1.31 1.01 22.9 
1.27 | 110 | 13.4 1.19 | 1.00 16.0 
| 1.27 | 1.09 15.7 | — —— 
| 1.21 | 1.07 11.6 Weight 4.23 | 3.64 | 13.9 
| 1.21 1.09 | 9.9 6.8 grams 4.23 | 3.68 | 13.0 
| 1.18 1.06 | 10.2 Temperature 4.10 | 3.48 15.1 
1.18 1.07 | 93 26.1-26.4°C. 4.08 | 3.48 14.7 
0.96 0.93 3.1 | 3.53 3.11 11.9 
3.20 2.84 11.3 
Weight 6.18 6.01 2.8 | 2.61 | 2.15 | 17.6 
6.2 grams 6.12 5.97 2.5 } 2.20 | 1.78 | 19.1 
Temperature 6.12 5.94 2.9 2.18 | 1.73 | 206 
26.6-27.0°C. 5.61 | 5.50 2.0 218 | 1.72 | 211 
| 4.40 4.29 | 2.5 1.91 1.47 22.0 
4.40 4.25 | 3.4 1.80 1.37 23.9 
3.83 3.70 | 3.4 1.80 1.36 24.4 
3.51 3.40 | 3.1 | 1.37 1.03 24.9 
| 2.90 | 2.81 | 2.8 | 1.37 1.05 | 23.4 
2.63 | 2.57 2.3 1.37 1.03 | 249 
2.08 1.92 7.7 1.14 0.98 | 140 
1.80 1.60 11.1 —_— — | — 
1.59 | 1.40 | 12.0 Pseudosquilla ciliata 4.19 3.86 | 7.9 
1.31 |. 1.16 11.4 Weight 4.19 3.86 7.9 
1.31 116 | 11.4 4.7 grams 4.17 3.87 7.2 
1.12 1.03 | 8.0 Temperature 4.15 | 4.02 3.1 
1.12 1.05 | 6.3 26.0-26.2°C. | 4.14 3.95 | 4.6 
1.12 1.06 | 5.4 4.14 4.05 | 2.2 
. 4.14 4.07 | 1.7 
Calappa hepatica 4.19 3.57 14.8 4.09 3.85 5.9 
Weight 4.19 3.57 14.8 3.68 3.56 3.3 
7.9 grams 4.17 3.64 12.7 3.50 3.33 5.0 
Temperature 4.17 3.49 16.3 3.28 | 3.22 2.4 
26.0-26.2°C. | 415 | 3.80 | 84 299 | 289 | 3.3 
4.14 3.73 | 9.9 2.75 2.64 | 4.0 
| 4.14 3.73 9.9 2.74 2.57 6.2 
4.14 3.71 10.4 2.73 | 2.61 4.4 
| 4.09 | 3.73 | ‘ss 2.69 | 2.53 5.9 
| 3.68 3.24 | 12.0 2.61 2.48 3.1 
| 3.68 | 3.16 | 140 2.58 2.42 5.9 
| 3.49 | 3.10 | 113 2.20 1.97 10.3 
3.39 | 2.87 15.3 2.00 | 1.77 11.5 
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TABLE 1 (Continued) 


CC. OF O2 PER) | PERCENTAGE 














LITER OF OXYGEN 
SPECIES ——_—_——_ —————| CONSUMED 
Inflow | Outflow 
1.98 1.71 13.9 
1.59 1.36 14.5 
1.45 1.27 12.4 
1.31 1.15 12.2 
Phymodius ungulatus | 4.53 3.75 17.2 
Weight 4.53 | 3.89 14.1 
12.5 grams 3.46 3.12 9.8 
Temperature 3.12 2.90 72 
26.8°C, 2.98 2.86 4.0 
2.93 2.59 11.6 
2.93 2.55 13.0 
2.66 2.33 12.4 
2.46 2.03 17.5 
2.35 1.78 24.3 
1.78 1.28 28.1 
1.50 1.30 13.3 
1.34 1.16 13.4 
. 

Weight 4.56 | 3.92 14.0 
11.9 grams 4.41 5.77 14.5 
Temperature 3.59 3.23 10.0 
26.5—26.8°C. 3.59 3.26 9.2 
2.92 2.51 14.0 
2.71 2.35 13.3 
2.60 2.26 13.0 
2.38 1.92 19.3 
2.35 1.85 20.6 
1.85 1.52 17.8 
1.61 1.38 14.3 
1.61 1.39 13.7 
1.28 1.11 13.3 
Platypodia granulosa| 4.53 3.57 21.2 
Weight | 4.53 3.42 24.5 
6.0 grams 3.46 2.88 16.8 
Temperature 3.12 | 2.58 17.3 
26.8°C. 2.98 ray 13.8 
2.93 2.40 18.1 
2.93 2.53 13.7 
2.66 | 2.14 19.5 
2.53 | 2.18 13.8 
2.46 | 2.05 16.7 
2.35 | 1.72 26.8 
1.78 1.35 24.2 
1.50 1.14 24.0 
1.34 0.98 26.9 
Weight 4.56 3.48 23.7 
6.3 grams 4.41 3.49 20.9 
Temperature 3.59 2.97 17.3 
26.5-26.8°C. 2.92 2.41 17.5 
2.71 2.25 17.0 
2.60 2.18 16.2 
2.33 1.70 27.0 

2.33 | 1.71 
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TABLE 1 (Continued) 














CC. OF Oe PER } PERCENTAG! 
LITER OF OXYGEN 
SPECIES = CONSUMED 
| Inflow | Outflow 
1.85 141 | 23.8 
1.85 1.41 23.8 
1.61 122 | 22 
1.61 | 1.22 | 24.2 
1.28 1.00 | 21.9 
1.28 | 1.00 21.9 
Podophthalmus vigil 4.02 3.68 8.5 
Weight 3.93 3.59 8.7 
10.0 grams 3.16 | 2.73 13.6 
Temperature 3.02 | 2.59 | 14.1 
26.5-26.8°C. 2.95 2.56 | 13.2 
| 2.63 | 2.29 | 12.9 
2.48 | 2.16 12.9 
| 2.33 1.96 15.5 
| 2.13 1.87 12.2 
| 1.99 1.67 16.1 
1.79 | 1.53 14.5 
1.60 | 1.36 | 15.0 
141 | 1.19 | 15.6 
| 1.38 | 1.10 | 20.3 
1.34 | 0.98 26.9 
Weight 4.53 4.19 7.5 
11.1 grams 4.11 3.76 8.5 
Temperature 3.78 3.41 | 9.8 
26.3-26.6°C. 3.09 2.68 | 13.3 
3.00 2.64 12.0 
| 2.73 | 236 | 13.6 
2.38 2.08 | 126 
2.25 1.97 12.0 
| 2.01 1.74 13.4 
| 1.85 1.57 15.0 
1.75 | 1.50 14.3 
1.54 | 1.31 14.9 
1.43 140 | 161 
| 1.32 0.99 | 25.0 
| 1.20 0.97 | 19.1 
| 1.17 0.98 16.2 


DISCUSSION AND CONCLUSIONS 


With respect to adaptation in the consump- 
tion of oxygen, two main groups of animals 
can be distinguished: (1) those animals which 
show a regulation and (2) those showing an 
adjustment. The first group possesses mechan- 
isms which permit the consumption of con- 
stant quantities of oxygen per unit of time, 
even when the oxygen tension varies mark- 
edly. They therefore actively regulate their 
respiration. The second group is unable to 
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do so. Consequently, their oxygen consump- 
tion varies (more or less) proportionately with 
the oxygen tension of the surroundings. 

The Crustacea used in these experiments 
obviously belong to the large group of ani- 
mals with an adjustable respiration. They lack 
the ability to regulate (at least to any appre- 
ciable extent) their oxy gen consumption when 
the oxygen content of the water is altered. 
The oxygen consumption varies with the oxy- 
gen tension (Maloeut, 1936) and according 
to Amberson ef a/. (1924) may even be di- 
rectly proportional to it. Our experiments 
confirm this (Table 1). Phymodius ungulatus 
and Platypodia granulosa seem to consume 
even less oxygen than expected when the 
oxygen content of the water is first reduced. 
After this initial period, however, oxygen con- 
sumption proportionate to the tension be- 
comes apparent. 

It has been claimed that many Crustacea 
do have a regulating mechanism in that they 
increase the rhythm of the beat of the scaph- 
ognathites and pleopods when the oxygen 
content of the water decreases (Munro Fox 
et al., 1933, 1934; Johnson, 1936; Schlieper 
and Peters, 1937; van Heerdt and Krijgsman, 
1939; van Heerdt, 1940). As these structures 
are the propellers by means of which the 
water flow is directed over the gills, an in- 
crease of the beat will bring the gills in con- 
tact with a larger quantity of water from which, 
consequently, more oxygen can be absorbed. 
In such cases some kind of regulation may be 
expected, not a typical adjustment as found 
in our experiments. Although, as mentioned 
before, we have been" unable to make exact 
counts, in some cases an increase in the beat 
was noted when the oxygen tension of the 
water started to decrease. This would there- 
fore point toward a regulation; but if so, then 
it must be very weak and is therefore not 
apparent in the direct results. However, when 
the utilization of oxygen (the oxygen con- 
sumed expressed as the percentage of the 
available oxygen in the water) is studied, such 
a weak regulation may eventually be found. 
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As long as the utilization remains constant 
when the oxygen tension of the water de- 
creases, it means that there is little or no 
regulation, and the respiration is therefore of 
the adjustable type. When the utilization curve 
rises, it means that there is some regulation, 
that more oxygen is consumed than would 
be the case in the adjustment type of respira- 
tion. A drop of the curve means a decrease 
in oxygen consumption, as compared with 
the adjustment type of respiration. 

Before the results with respect to the utili- 
zation of oxygen can be discussed, the ques- 
tion arises as to what can be the (primary) 
cause of regulation or adjustment in the proc- 
ess of respiration. Considering the simplest 
possibility, this is based on a limiting factor. 
Respiration being de facto an oxidation, the 
limiting factor can be either the oxidizable 
substances or the oxygen available. If there 
is an ample quantity of the former, the amount 
of oxygen reaching these substances must be 
regulated to maintain oxidation at a constant 
level. To increase (or decrease) this level, more 
(or less) oxygen must be admitted. Here oxy- 
gen is clearly the limiting factor. In the case 
of the oxidizable substances being the limit- 
ing factor, the rate of oxidation is determined 
by the amount of such substances made avail- 
able by the organism. 

An objection may be raised in that the 
possibility might exist that there is a com- 
plete tissue oxygen saturation in the organism 
which becomes unsaturated at lower tensions, 
resulting in increased utilization at that point. 
In that case, however, the utilization curve 
will steadily rise with decreasing oxygen ten- 
sion of the water, because the quantity of 
oxygen consumed by the tissues remains con- 
stant. This is not the case (Figs. 1-7). Ad- 
mittedly, the alternative between ‘‘fuel’’ (oxi- 
dizable substances) and available oxygen as 
limiting factors is probably too simple but 
is unavoidable at this time as far too little is 
known of the intracellular respiration proc- 
esses in Crustacea to include them in the 
picture. As long as such processes in this 
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Fic. 1. Oxygen utilization in Pseudozius caystrus. Abscissa—cubic centimeters of oxygen per liter of water; 
ordinate—percentage of oxygen consumed from the oxygen available. 


group of animals are not well understood, a 
simple picture seems preferable and justified. entire curve. Figures 1-4 show, for example, 

According to our results (Table 1), the that as soon as the oxygen content of the 
amount of oxygen consumed decreased with water reaches a certain low level (Pseudozius 
the decrease of the oxygen present over the 2.8-3 cc. O2/I., Metopograpsus 2.8-3.2 cc. O2/l., 
entire range of the experiments. Oxygen Calappa 3.0-3.2 cc. O2/I., and Pseudosquilla 
seems, therefore, to be the limiting factor. If about 2.9 cc. O2/1.) the utilization curve rises. 
This points definitely toward a regulation, 


the abscissa. But this is not the case for the 


so, the utilization curve must run parallel to 
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Fic. 2. Oxygen utilization in Metopograpsus messor. Abscissa—cubic centimeters of oxygen per liter of water; 
ordinate— percentage of oxygen consumed from the oxygen available. 
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which is probably not the result of a sudden 
increase of the rhythm of the beat of the 
scaphognathites or pleopods, because such a 
sudden increase was never observed. On the 
contrary, at low oxygen tensions these struc- 
tures very often beat quite irregularly, but 
apparently more slowly. This means, there- 
fore, that oxygen is no longer the limiting 
factor in oxygen consumption. The fact that 
the amount of available oxygen decreases 
whereas its utilization increases and the water 
propelling mechanisms do not show a sudden 
acceleration can have but one meaning: more 
oxidizable substances become available for 
(direct) oxidation. This must be the result 
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Fic. 3. Oxygen utilization in Calappa hepatica. Ab- 
scissa—cubic centimeters of oxygen per liter of water; 
ordinate—percentage of oxygen consumed from the 
oxygen available. 


of a change in metabolic processes which 
produce such readily oxidizable substances. 
Such a metabolic mechanism must be con- 
sidered an important ‘‘safety measure”’ to the 
animals, as they can now maintain life under 
conditions which would probably prove fatal 
without it. However, it does not actually 
change the animal from an “‘adjustment’’ into 
a “regulation” type, as the total oxygen con- 
sumption continues decreasing with the oxy- 
gen content of the water. A moment will 
come at which the amount of oxidizable sub- 
stances set free in the tissues is no longer 
sufficient to maintain life with the available 
oxygen. Then the utilization curve will de- 
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Fic. 4. Oxygen utilization in Pseudosquilla ciliata. 
Abscissa—cubic centimeters of oxygen per liter of 
water; ordinate—percentage of oxygen consumed from 
the oxygen available. 


crease sharply (Figs. 1-7), and death will be 
the result in a comparatively short time. At 
the relatively high temperatures encountered 
in Hawaii, the crabs usually die in 1 to 2 
hours when the water contains less than 0.96 
cc. O2/l., but they stay alive for at least 3 
hours when 1.4 cc. O2/l.is present. At lower 
temperatures, wherein the metabolism is at 
a much lower level, they seem to withstand 
lower oxygen tensions successfully. Jordan 
and Guittart (1938) reported, for instance, 
that at 13°C. Potamobius fluviatilis lived for 2.5 
hours in water containing only 0.35 cc. O2/I., 
after which period the experiment was ter- 
minated. . 

The suggestion that certain substances used 
in respiration are liberated by the tissues, by 
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Fic. 5. Oxygen utilization in Phymodius ungulatus. 
Abscissa—cubic centimeters of oxygen per liter of 
water; ordinate—percentage of oxygen consumed from 
the oxygen available. 
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Fic. 6. Oxygen utilization in Platypodia granulosa. 
Abscissa—cubic centimeters of oxygen per liter of 
water; ordinate— percentage of oxygen consumed from 
the oxygen available. 


some life process, at low oxygen tensions is 
not as hypothetical as it seems to be. Helff 
(1928) has already discussed the possibility 
of oxygen being secreted by the tissues, but 
this idea has been rejected, chiefly because of 
errors in his experimental method (Maloeuf, 
1936). Recently Harnisch (1951), using a bet- 
ter technique, reached the same conclusion 
in his experiments on Chironomus larvae. He 
was able to prove this assumption correct by 
investigating the hemoglobin of the larvae 
spectrophotometrically: at very low oxygen 
tensions the hemoglobin contained more oxy- 
gen than would be possible without such a 
secretion. By observing the living animal con- 
tinuously, he could actually observe the re- 
oxidation of the reduced hemoglobin. When, 
however, the oxygen reserve was consumed 
(probably because of a weakening of the life 
processes necessary to liberate the oxygen, 
which means that the latter was not present 
in reserve as free oxygen), re-oxidation of the 
hemoglobin ceased. Koenen (1951) also men- 
tioned the sudden rise of oxygen consump- 
tion at low oxygen tensions in her experiments. 

The utilization curves of Phymodius and 
Platypodia (Figs. 5, 6) slope down in the be- 
ginning of the experiment. This may be 
caused by an ineffective propelling mechan- 
ism. At 3—3.2 cc.O2/1. (Phymodius) and 2.9-3.1 
cc. O2/1. (Platypodia), we again get the sudden 
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rise of the curve, followed by the now familiar 
decrease at 1.8-2.2 cc. Os/I. 

The mud-dweller Podophthalmus, on the 
other hand, shows from the beginning a 
slight increase of the utilization curve (Fig. 
7) which may be: due to a more effective 
stroke of the scaphognathites. Some regula- 
tion might be expected in an animal living in 
a habitat that is usually poor in oxygen. Be- 
cause of the adaptation to such a habitat, we 
would also expect the safety measure to occur 
at a lower oxygen tension than in animals 
normally living in much better aerated water. 
The curve shows, indeed, a steep rise at 1.5 
cc. O2/l. The final drop seems to occur at 
around 1.3 cc. O2/l. How do these data fit 
into the ecological pattern? We cannot expect 
the safety measure to be thrown into gear at 
very low oxygen tensions in Metopograpsus 
(practically an air-breather), Psewdozius (which 
lives in well-aerated water of the tidal zone), 
or Phymodius and Platypodia (which live on 
corals). Here, due to currents and, during the 
day, to photosynthesis by algae, the water is 
certainly not poor in oxygen. Calappa and 
Pseudosquilla, \iving on sandy flats in shallow 
water, seem to be ina less favorable situation. 
However, the organic matter present is not 
very abundant (as compared with organic 
mud), and minute algae covering the surface 
will produce during the day a fairly abundant 
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Fic. 7. Oxygen utilization in Podophthalmus vigil. 
Abscissa—cubic centimeters of oxygen per liter of 


water; ordinate— percentage of oxygen consumed from 
the oxygen available. 
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supply of oxygen, so that only during the 
night an appreciable drop of the oxygen ten- 
sion of the water may be expected. Again, 
currents and tides will counteract this drop 
in part, so that the local oxygen deficiency is 
probably not very great. 

With Podophthalmus the picture is a differ- 
ent one. The crab, which swims surprisingly 
little and remains buried in the mud during 
the day, lives in a habitat decidedly poor in 
oxygen. A physiological adaptation could be 
expected and is apparent: utilization shows 
a gradual but definite increase until a level 
of 3 cc. Os/l. is reached, after which it in- 
creases more slowly and evenly until the water 
contains 1.4 cc. O2/l., at which point the 
safety measure is thrown into gear. 


SUMMARY 


1. The oxygen consumption of Metopograp- 
sus messor Forskal, Psendozius caystrus Adam 
and White, Phymodius ungulatus Milne Ed- 
wards, Platypodia granulosa Riippell, Calappa 
hepatica Linn., Pseudosquilla ciliata Miers, and 
Podophthalmus vigil Fabricius in running sea 
water of varying oxygen tensions was studied. 
All these animals belong to the so-called ad- 
justable type of respirers, in that oxygen con- 
sumption decreases more or less proportion- 
ately with the oxygen tension of the water. 

2. Analysis of the utilization of oxygen (per- 
centage of oxygen consumed from the avail- 
able oxygen) shows that at low oxygen 
tensions the metabolism of the animals 
changes, a change which counteracts partly 
the lack of oxygen of the surroundings. 

3. The ecological importance of the dif- 
ferent types of oxygen utilization is discussed. 
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The Polyclad Genus Pseudoceros, with Special Reference to the 
Indo-Pacific Region 


LiBBIE H. 


THE OCCASION of this article is the acquisition 
of three species of the polyclad genus Pseudo- 
ceros from the region of the Coral Sea. Pseudo- 
ceros is one of the most populous polyclad 
genera. In 1950, Marcus (1950: 84-88) listed 
79 names in this genus, but the elimination 
of synonyms and of species that should be 
transferred to the genus Acanthozoon because 
of their papillate dorsal surface reduces the 
list to 72. The list, however, omits seven 
Pseudoceros species described from Japan by 
Stimpson (1855: 380; 1857: 25-26) and ac- 
knowledged as valid by Kato (1944: 298). 
Marcus further left out of consideration six 
more of the Kelaart-Collingwood species that 
are figured in color by Collingwood (1876: 
90-97) and that probably belong to Pseudo- 
ceros. One of these, Eurylepta affinis, has been 
refound in the Philippines and is validated as 
a species of Pseudoceros by Stummer-Traunfels 
(1933: 3566). To these must be added two 
species described by Kato (1944: 301), three 
by Marcus (1949: 86; 1950: 81; 1952: 91), 
and four by me (Hyman, 1953: 363-370). I 
have further shown that Amblyceraeus luteus 
Plehn, 1898, must be transferred to Pseudo- 
ceros (Hyman, 1953: 366). One must further 
note that Stummer-Traunfels (1933: 3565) 
gave colored figures of 11 more species of 
Pseudoceros but did not name them; three of 
these came from the Siboga collections in the 
Netherland East Indies, six were taken by 
Semper in the Philippines, and one each came 
from Zanzibar and Batavia. Clearly there are 
at least 100 species of the genus mentioned 
in the literature. 
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HYMAN! 


The genus is characteristic of tropical and 
subtropical waters and appears to center in 
the Indo-West Pacific region. Two species are 
known from the Gulf of California and two 
from the California coast (Hyman, 1953: 363- 
370). Pseudoceros canadensis (Hyman, 1953: 
368), from British Columbia and since found 
abundantly in Puget Sound, is a surprising 
exception to the usual limitation of the genus 
to warmer waters. This appears to be the most 
northerly record for the genus. Plehn (1896: 
171) reported the occurrence of the Mediter- 
ranean species P. splendidus Stummer- Traun- 
fels, 1933 (=P. superbus Lang, 1884) in the 
Galdpagos Islands, but the identification ap- 
pears dubious. In the western tropical Atlan- 
tic, four species were reported from Bermuda 
by Verrill (1900: 596; 1901: 42) of which 
three are endemic and one is the Mediter- 
ranean P. splendidus. Hyman (1939: 17) added 
another Bermudan species and reported the 
refinding of splendidus and of two of Verrill’s 
species at Bermuda. Surprisingly there are no 
records of the genus in the West Indies and 
Caribbean except for P. splendidus at Puerto 
Rico (Hyman, 1954). The species P. macu- 
losus Pearse (1938: 85) from the Gulf of Mex- 
ico is stated to have a papillate dorsal surface 
and therefore should presumably be trans- 
ferred to the genus Acanthozoon. Three spe- 
cies have been described from the Brazilian 
coast by Marcus (1949: 86; 1950: 81; 1952: 
91). Three species are recognized by Lang 
(1884: 538-542) from the Mediterranean, but 
there seem to be no other findings in the 
eastern tropical Atlantic. One species de- 
scribed by Palombi (1928: 605) from the 
Suez Canal, three by Meixner (1907: 465- 
473) from French Somaliland, and 22 listed 
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by Kato (1944: 298-302) as Japanese may 
perhaps be regarded as belonging in the 
fringes of the Indo-Pacific region. This is 
certainly true of some of the localities on 
Kato’s list. Thus, well over half the described 
species belong to the Indo-Pacific area, and 
this area has certainly not been thoroughly 
collected for polyclads. Outside this area, the 
various species appear to have a limited dis- 
tribution as each region furnishes different 
species, except for P. splendidus, reported from 
the Mediterranean, Bermuda, and Puerto 
Rico. Within the Indo-Pacific area, species 
apparently may range widely. 

The genus Pseudoceros is easily recognized 
by the combination of a ruffled pharynx, mar- 
ginal tentacles as upfolds of the anterior mar- 
gin, and an anastomosed intestine that origin- 
ates by many branches from the main intestine. 
If the species with small papillae over the 
dorsal surface are to be separated as a distinct 
genus, then the possession of a smooth dorsal 
surface becomes another character of Pseudo- 
ceros. Contrasting with the easy recognition 
of the genus is the great difficulty of separat- 
ing the species; they are very similarly con- 
structed, and the color pattern, which is often 
very striking, becomes almost the only means 
of distinguishing them. Preserved specimens 
not accompanied by color notes are almost 
impossible to identify. However, even with a 
full knowledge of the color pattern one is 
often puzzled to know whether the color cor- 
respondence with a described species is suffi- 
ciently close or not. Little is known of color 
variation in the genus except that some species 
are described as showing considerable color 
variation. Therefore, other possible identify- 
ing characters should not be neglected in a 
specific description in the genus, especially 
the details of the copulatory apparatus. Al- 
though the reproductive system, too, is very 
similarly constructed throughout the genus, 
minor differences are evident in the copula- 
tory apparatuses and often prove helpful in 
species discrimination. The difficulties of spe- 
cies discrimination on the basis of color alone 
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will be evident in the following account 
Pseudoceros bedfordi Laidlaw, 1903 


This species was originally described (Laid- 
law, 1903: 314) from a defective specimen 
taken at Singapore. Later, Bock (1913: 254 
came into possession of a perfect specimen 
collected off Billiton on the island of Min- 
danao in the Philippines. Bock’s specimen 
was 35 millimeters long by 20 millimeters 
wide. He gave an excellent figure showing the 
very distinctive and unmistakable color pat- 
tern and also verified the paired condition of 
the male copulatory apparatus. Subsequently, 
Kato (1943: 87) reported the species as com- 
mon in the Palau Islands, swimming about 
in shallow water. Kato also gave a good figure 
to illustrate the color pattern. His specimens 
were relatively small, ranging from 20 to 35 
millimeters in length and 10 to 20 millimeters 
in breadth. 

The present specimen is a fine, large, per- 
fect example collected at Heron Island in the 
Great Barrier Reef of Australia in the summer 
of 1952. It is the largest specimen on record, 
measuring 60 millimeters in length and 45 in 
width. The color pattern quite agrees with 
the figures of Bock and Kato. Ona purplish- 
brown ground (described by previous ob- 
servers as greenish black or dark brown) are 
found numerous arcs and dashes of a buff 
color, distributed irregularly but in a bilateral 
pattern over the dorsal surface. 

The specimen has been deposited in the 
American Museum of Natural History. The 
species is evidently widely spread throughout 
the Indo-Pacific area. 


Pseudoceros concinnus (Collingwood) 
1876 
Fig. 1 
Proceros concinnus Collingwood, 1876: 90, pl. 
17, fig. 4. 


Several specimens, assigned with some re- 
serve to this species, were presented to me 
by Dr. A. G. Humes, who collected them on 
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November 5, 1944, under pieces of coral rock 
exposed by the tide at Mios Woendi, Padaido 
Island, near Biak, Dutch New Guinea. 

This is a relatively small species, varying in 
length from 15 to 25 millimeters. The body 
is of elongate oval form (Fig. 1a), with the 
usual pair of tentacular folds at the anterior 
margin, bearing eyes as shown in Figure 1. 
Shortly behind the tentacular folds in the 
middorsal line are found the two small clust- 
ers of cerebral eyes over the brain region. The 
color is stated by the collector to have been 
orange with a bright blue border 1/16-inch 
wide. No trace whatever of this color remains 
in the preserved specimens. Cleared whole 
mounts show the typical features of the genus, 
in addition to the tentacular folds (Fig. 12). 
There is a short but broad, highly ruffled 
pharynx, consisting of a few greatly folded 
lateral branches. Immediately behind the phar- 
ynx is seen the single male apparatus and 
behind this the female gonopore surrounded 
by the usual radiating cement glands. The 
relative positions of male and female gono- 
pores and of the sucker appear in Figure 1a. 
Behind the female gonopore the main intes- 
tine extends posteriorly, ending blindly some 
distance anterior to the posterior margin and 
giving off along its course numerous side 
branches that anastomose at once into a fine- 
meshed network as typical of the genus. Only 
the proximal meshes are drawn in Figure 1a. 
Along each side of the main intestine courses 
a uterus filled with eggs. 

All the specimens are sexually mature. In 
view of the difficulties of species identifica- 
tion in the genus, the sexual region of one 
specimen was sectioned and a sagittal view 
of the copulatory apparatuses is given in Fig- 
ure 1c. The expanded sperm ducts unite to a 
short, common sperm duct that enters the 
rear end of the male apparatus, consisting of 
a long tubular seminal vesicle with thick mus- 
cular wall of circular fibers, and a small oval 
prostatic vesicle. The ducts of these two vesi- 
cles enter the small penis papilla within which 
they unite. The penis papilla bears the usual 
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stylet surrounded by a penis sheath, and pa- 
pilla and sheath lie in the inner end of a 
somewhat extensive and irregularly formed 
male antrum that opens below by the male 
gonopore. The female gonopore leads into a 
vertical tubular female antrum that opens into 
the short, laterally expanded cement pouch; 
this receives on all sides the usual masses of 
cement glands. From the cement pouch the 
vagina continues dorsally with a backward 
curve and soon receives the two uteri. All of 
the features of the copulatory apparatuses are 
typical of the genus but the details should 
serve to distinguish this species from others 
of similar coloration. The most distinctive 
feature of the copulatory apparatuses is the 
long, tubular, and thick-walled seminal vesi- 
cle, contrasting with the relatively small 
prostatic vesicle. 

Unfortunately, none of the preceding de- 
scriptions assigned to P. concinnus give any 
details of the sexual anatomy, and as the 
statements about the color are somewhat dis- 
crepant I am not able to identify my spec- 
imens with certainty as P. concinnus. In the 
original description the length is given as 
15 millimeters, hence averaging less than the 
present specimens, and the color is described 
as cream, approaching yellow, with a blue 
border composed of contiguous spots, and a 
narrow middorsal blue streak. The type local- 
ity is Labuan Island, off Borneo. 

Lang (1884: 593) merely repeated the orig- 
inal description of Proceros concinnus without 
offering any opinion as to its systematic po- 
sition. Laidlaw (1903: 315) reported several 
specimens obtained from the Straits of Ma- 
lacca that were ‘colored exactly like Proceros 
concinnus Coll., viz., they are blue, with orange 
margin and median stripe’’! This is either a 
slip of the pen in reverse or, more likely, the 
coloration actually was the reverse of that of 
Collingwood’s species. As Laidlaw’s speci- 
mens were also very small, 8 to 10 millimeters 
in length, it appears certain that they were 
not P. concinnus. The surmise of Laidlaw, 
accepted later by Kaburaki (1923: 643), that 
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Fic. 1. Pseudoceros concinnus. a, Entire specimen as cleared whole mount; 4, anterior end showing tentacular 
folds and eye arrangement; c, sagittal view of the copulatory apparatuses, anterior end below. 1, Tentacular folds; 
2, tentacular eyes; 3; cerebral eyes; 4, ruffled pharynx; 5, male gonopore; 6, seminal vesicle; 7, sperm duct; 8, 
female gonopore; 9, cement glands; 10, sucker; 11, main intestine; 12, lateral branches of main intestine; 13, 
uteri; 14, male antrum; 15, penis stylet; 16, penis sheath; 17, penis papilla; 18, prostatic vesicle; 19, prostatic 
duct; 20, ejaculatory duct; 21, female antrum; 22, cement pouch; 23, vagina; 24, one of the uteri. 
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P. concinnus is a euryleptid is clearly erroneous 
as Collingwood definitely notes the presence 
of an “‘arbusculiform alimentary tube occupy- 
ing the anterior third.” In other words, Col- 
lingwood’s species had a ruffled pharynx and 
hence is definitely a Pseudoceros. Kaburaki 
(1923: 642) assigned to P. concinnus a single 
specimen collected at Tawi Tawi, Philippines. 
This was estimated to have been 55 milli- 
meters long when alive, extended, and the 
color is stated to have been pale cream buff 
with a narrow border of cobalt blue and two 
longitudinal blue lines on the median dorsal 
region. The correctness of Kaburaki’s iden- 
tification is certainly open to doubt. Stummer- 
Traunfels (1933: following p. 3596) presents 
a colored plate on which there are depicted a 
number of species of Pseudoceros, mostly un- 
described and unnamed. One of these, his 
Figure 9, is said to be P. concinnus, but this 
specimen is blue with three dorsal longitu- 
dinal yellow stripes, hence does not agree at 
all with the original description. On the other 
hand, Figure 16 on the same plate, said to be 
an undescribed Pseudoceros collected by Sem- 
per in the Philippines, is deep yellow with 
a blue border composed of spots and hence 
agrees very well with the present specimens 
and with the original description except for 
the lack of a middorsal blue stripe. This spec- 
imen is 22 millimeters long, and I judge it 
to be identical with the present specimens. 
Evidently there are common throughout 
the Indo-Pacific area members of the genus 
Pseudoceros that are of relatively small size and 
slender form and that are colored cream to 
orange with a blue border and with or without 
one or two middorsal blue stripes. Whether 
all these are the same species and whether all 
or some are P. concinnus must remain uncer- 
tain in the present state of information. The 
present specimens have been deposited in the 
American Museum of Natural History. 


Pseudoceros corallophilus n. sp. 
Fig. 2 
A single specimen collected at Heron Is- 
land, Great Barrier Reef of Australia, in the 
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summer of 1952, has been given a new trivial 
name with some hesitation, but as it does not 
appear to correspond to any described species, 
naming it may offer a certain convenience. 

The specimen (Fig. 2) is 22 millimeters 
long by 12 millimeters wide, but as it is some- 
what contracted and, further, is juvenile, the 
species would evidently attain a much larger 
size. The form is oblong oval. No color notes 
accompanied the specimen, but the color ap- 
pears well preserved and the pattern differs 
from that of any described species, as far as 
I can ascertain. The ground color is a dusky 
brown, and there is a heavy black border; to 
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FiG. 2. Pseudoceros corallophilus, entire specimen as 
cleared whole mount. 1, Tentacular folds; 3, cerebral 
eyes; 4, ruffled pharynx; 10, sucker; 11, main intestine; 
25, white margin; 26, black border; 27, yellowish- 
brown band; 28, mouth. 
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the outer side of this black border is a very 
thin white or pale margin, and to its inner 
side is a rather wide band of a yellowish- 
brown hue, indicated by light stippling in 
Figure 2. Because of the black border, eyes 
could not be detected on the tentacular folds 
at the center of the anterior margin. Behind 
these folds are the usual small paired clusters 
of cerebral eyes. The pharynx is short and 
broad, with a few much-branched lateral folds. 
From behind the pharynx the main intestine 
extends posteriorly in the middorsal region, 
terminating blindly well anterior to the pos- 
terior margin. The net-like intestine, originat- 
ing from the main intestine by numerous 
branches and spread throughout the body, 
is plainly seen on the whole mount but has 
not been represented in Figure 2. The position 
of the sucker is shown in Figure 2. The animal 
is totally without any part of the reproductive 
system, except that the position of the female 
gonopore is indicated by a few cement glands. 
The type specimen as a whole mount has been 
deposited in the American Museum of Natu- 
ral History. It has been left unstained and 
preserves the original coloration. 
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Notes on Banana Varieties in Hawaii 


N. W. SIMMONDs! 


KNOWLEDGE OF THE BOTANY of the banana 
has been advanced considerably in recent years 
by the taxonomic researches of Cheesman 
(1947 et seq.). It is now clear that the edible 
bananas have originated from three wild spe- 
cies of which one, Masa acuminata Colla, is 
by far the most important. This species be- 
longs to the section Eumusa of the genus 
Musa and is a variable (but constantly diploid) 
species with 2n = 22 chromosomes. Many edi- 
ble varieties have derived from it, some being 
diploid, some triploid (2n=3x=33). Musa 
balbisiana Colla is another diploid Eumusa, 
and it has contributed to the origin of edible 
bananas by hybridity with M. acuminata. 
Upon triploid cultivars of such hybrid origin 
were founded the two Linnaean species Musa 
sapientum and M. paradisiaca. (This statement 
includes a modification of Cheesman’s views 
on the subject, but the point is immaterial for 
the present purpose.) The third species (fol- 
lowing MacDaniels, 1947, rather than Chees- 
man, 1949) is M. troglodytarum L., the fe'i 
banana of the Pacific, perhaps more com- 
monly referred to as M. fehi Bert. ex Vieillard. 
It is amember of the section Australimusa and 
is diploid with 2n=2x=20 chromosomes. 
The wild progenitor of this complex cultigen 
has not yet been identified, and, indeed, it 
may well turn out that more than one wild 
form was involved in its origin. The section 
Australimusa is still very poorly known taxo- 
nomically, and, until this deficiency is rem- 
edied, we are not likely to understand the vari- 
ability or origins of the fe'i banana, as it may 
conveniently and noncommittally be called. 


1 Banana Research Scheme, Imperial College of 
Tropical Agriculture, Trinidad, British West Indies. 
(Abbreviated in the text as I.C.T.A.) Manuscript re- 
ceived August 11, 1953. 
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Edibility, therefore, has had independent 
origins in different sections of the genus 
(Cheesman, 1947, 1948; Dodds, 1946). 

The wild bananas are all native to tropical 
Asia and Australasia, and the edible deriva- 
tives must have had their origins somewhere 
in that vast area. Malaya was almost certainly 
the home of some edible Eumusas; the fe’i 
banana presumably came from an area much 
farther south and east, in the islands where 
the wild Australimusas grow. Spread in cul- 
tivation must have been entirely by suckers 
after the process of evolution of partheno- 
carpy had gone far enough to impose seed 
sterility (Dodds and Simmonds, 1948), and 
it must have been by this means that Hawaii 
received her cultivated bananas. Once seed 
sterility has been established in a crop plant 
(or rigorous vegetative propagation is prac- 
tised), somatic mutation is the only source 
of genotypic variability. Such mutation, or 
sporting, is well known to occur in bananas 
(e.g., see Baker and Simmonds, 1951; Sim- 
monds, 1953) and has been a significant 
source of variability among the old Hawaiian 
varieties as Pope (1926), by classifying the 
Hawaiian varieties in groups, implicitly rec- 
ognised. Evidently the Hawaiian cherished 
the mutants as he cherished mutant forms of 
taro and cane. 

In Hawaii, as elsewhere in the Old World 
tropics, two banana cultures are superposed 
one on the other: an indigenous pre-European 
culture of bananas introduced, used, and 
named by the Hawaiian people; and a later 
culture of varieties introduced in recent times 
by Europeans. The two groups may conve- 
niently be called “Hawaiian” and “‘alien,”’ 
respectively, and with the foregoing remarks 
in mind we may proceed to an annotated list 
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of the varieties that the writer was able to 
examine in Hawaii. These remarks take the 
form of footnotes to Pope’s (1926) list, with 
emphasis on observations that, in the light 
of recent researches, seem to be botanically 
important. 


HAWAIIAN VARIETIES 


Popoulu. An acuminata-balbisiana hybrid 
(hereinafter abbreviated to AB) type, prob- 
ably triploid. Plant flushed with red and 
bracts curled (acuminata characters ) ; flowers 
pale pink, ovules four-rowed (balbisiana 
characters). Fruits short and very fat, su- 
perficially disguising the true relationship 
of the variety. 

Maiamaoli. Botanically much like Popoulu, 
but plant pale in colour and fruits longer 
and more slender although blunt at the 
tip. Aeae (Koae) is a striped mutant; at 
least five shades from near white to dark 
green could be detected, and a probable 
case of striped to normal mutation was 
seen. It is probably chimerical. Kaualau 
is perhaps a mutant with slightly persistent 
bracts, Eleele one with purple-brown stain- 
ing on sheaths and midribs. Only exten- 
sive collection and experimental compari- 
son could resolve the confusion of varieties, 
mutants, and names in this complex. 

Iholena. Probably an acuminata edible type. 
The fruit has a very characteristic thick 
skin and pinkish flesh. Little material was 
seen, and no probable bud sports were 
recorded. 

Maiaoa (“Wild banana’’). A strain of the 
variable Musa acuminata, diploid, fully 
seeded, and quite inedible. Apparently re- 
lated to the Malayan form of the species. 
The history of and reason for introduction 
of the plant to Hawaii is unknown. It has 
long been in cultivation in the I.C.T.A. 
banana collections. The plant was only 
seen once (near Kona), and, since local 
knowledge of its existence had apparently 
been lost, the rediscovery was of some 
interest. 
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ALIEN VARIETIES 


Borabora. The fe‘i banana. MacDaniels 


(1947) discussed the hypothesis that the 
fe'i banana was present in Hawaii in ab- 
original times but concluded (as did Pope, 
1926) that it was not brought to Hawaii 
before the early nineteenth century and was 
not one of the plants cultivated by. the 
early Hawaiians. 

The writer saw little material and no use- 
ful observations on variability could be 
made. The chromosome number was con- 
firmed as 2n=20 on two plants taken near 
Honolulu (counts by K. Shepherd). It is 
never known to be seed-fertile in Hawaii 
(St. John, personal communication), al- 
though it does occasionally set seed else- 
where in the Pacific (MacDaniels, 1947) 
and is always at least slightly pollen-fertile 
(MacDaniels, personal communication). 
Presumably, the species is always diploid 
(though sometimes perhaps chromosom- 
ally abnormal, as is M. acuminata), and the 
variable incidence of total seed sterility is 
to be related to a variable incidence of 
sterility modifiers of parthenocarpy. 


Cavendish, or Chinese. A triploid form of 


M. acuminata and one of the most im- 
portant and widely cultivated banana varie- 
ties in the world. It is one of a complex 
series of bud sports referred to collectively 
as the Cavendish group and treated ex- 
haustively elsewhere (Simmonds, 1953). It 
is an important export variety in some areas 
and used to be of some significance in 
Hawaii as such. It is highly susceptible to 
leaf spot (Sigatoka) disease, which is, how- 
ever, fortunately absent from the Territory. 


Hamakua. A variety introduced from Hawaii 


to the I.C.T.A. in 1939 under this name 
proved to be identical with the Lacatan 
of Jamaica, etc. This is another member 
of the Cavendish group, related by muta- 
tion to the preceding although utterly 
different in general aspect. Numerous plants 
were seen on the Kona coast of Hawaii, 
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but search in the same locality for another 
mutant form, the Robusta of Jamaica 
(Simmonds, 1953), was unsuccessful; this 
latter variety is probably present in the 
Territory, however, since it was once in- 
troduced to the I.C.T.A. under the wrong 
label, Manaiula, a name applied to a native 
Hawaiian variety which it does not in the 
least resemble. As Pope suggests that 
Hamakua is the same as the West Indian 
variety Congo, it may be worth noting 
that Congo in the I.C.T.A. collections is 
identical with Robusta, not with Lacatan. 
Bluefields, Gros Michel. (Pisang Embon 
of Malaya, etc., etc.) This is another edible 
triploid Masa acuminata and the principal 
export banana of commerce. It is much 
favoured as a dessert banana in Hawaii, 
but its cultivation is severely restricted by 
the incidence of Panama disease to which 
the variety is highly susceptible. It is also 
very susceptible to leaf spot, and success- 
ful cultivation in the Caribbean area de- 
mands regular spraying. 

Brazilian. An AB-type triploid; material in- 
troduced to the I.C.T.A. in 1939 proved 
to be identical with a variety called Pome 
from the Canary Islands. The sometimes 
misshapen male bud with a few persistent 
bracts just above it is characteristic. The 
fruit is subacid and of poor quality; it has 
little to recommend it as a dessert banana 
(to a West Indian trained taste, at least), 
and its acceptance in Hawaii seems to be 
a good example of the power of need and 
habit in influencing the demands of a mar- 
ket. It is resistant to Panama disease and 
to leaf spot. 

Lady’s Finger. As usual, this name is applied 
indiscriminately to almost any banana with 
small fruits. The writer recorded it for two 
varieties in Hawaii, namely: the Sucrier 
(of Trinidad, Honey of Jamaica, etc.), a 
diploid acuminata with yellowish, nonwaxy 
foliage and small thin-skinned fruits; and 
another variety called Ney Poovan (from 
Madras) in the I.C.T.A. collections, an 
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AB-type diploid. The former is resistant 
to Panama disease but is very susceptible 
to leaf spot; the latter is resistant to both 
diseases. Pope’s remarks under the name 
Lady Finger seem to apply to Ney 
Poovan: 


Apple. This is another unfortunate name, 


as it is commonly applied to several AB- 
type varieties having subacid fruits. In Ha- 
waii it was applied to a variety thought to 
be the Silk Fig (of Trinidad, Apple of 
Jamaica, an AB-type triploid) but some- 
times also to Brazilian, a distinct although 
not dissimilar variety (see above). In 
Trinidad, Silk Fig is susceptible to Panama 
disease but resistant to leaf spot. 


Ice Cream. Pope’s description suggested a 


variety unrepresented in the I.C.T.A. col- 
lections, and so it turned out. Plants were 
seen at Honolulu and Kona, their scarcity 
suggesting that this is not a particularly 
favoured variety. Plant small and densely 
stooling; peduncle glabrous; bud of hybrid 
type; bracts curled, red within to base; male 
flowers red; fruit angular, grey-waxy, flesh 
soft and sticky; ovules 4-rowed. An AB- 
type hybrid but perhaps nearer to M. bal- 
bisiana than is usual among dessert bana- 
nas and, therefore, of considerable interest. 
Arrangements are in train to import it to 
the I.C.T.A. for detailed study. 


Red, and its green bud-sport Green Red. 


As in the West Indies. The former is prob- 
ably chimerical, having a red skin over a 
green core; various fleckings and stripings 
are common. 


Miscellanea. Several varieties named by Pope 


were not seen by the present writer but are 
worthy of some comment. The Common 
Plantain is probably the same as the 
Horse or Horn Plantain of the West 
Indies; it differs from other members of 
the plantain complex in having a quickly 
degenerating male axis and comparatively 
few large horn-shaped fruits. Pope’s de- 
scription of Largo suggests the popular 
West Indian cooking variety called Blug- 
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goe (Grenada), Moko (Trinidad), White- 
house Plantain (Jamaica), etc. Colorado 
Blanco is probably Green Red. Three 
other varieties described by Pope cannot 
certainly be identified at present; they are 
Eslesno, Chamaluco, and Father Leo- 
nore, and all three are probably AB hy- 
brids. Father Leonore may be the same 
as the I.C.T.A. variety King. Pope’s de- 
scription and photograph of Abaca un- 
questionably apply to M. balbisiana Colla, 
not to M. textilis Nee; this mistake has 
often been made and probably results from 
the fact that M. balbisiana is a common 
rogue in Abaca fields in the Philippines 
and has been widely distributed thence as 
true Abaca. (Cheesman, 1949.) 
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NOTES 


Research in Ground-Water Hydrology in Hawaii 


(Published with the approval of the Director as 
Paper No. 24 in the Journal Series of the Experiment 
Station, Hawaiian Sugar Planters’ Association, Hono- 
lulu, Hawaii.) 


Some 200 billion gallons of water a year are 
drawn directly from ground-water sources for 
the supply of plantations, factories, and homes 
in Hawaii (Davis, 1952, U. S. Geol. Survey, 
Water-Supply Paper 1161: 152). Asimilaramount 
is drawn indirectly by way of surface streams 
whose low flows, those of maximum value, are 
derived from natural springs. It is not surprising, 
in view of the magnitude of this draft and its 
vital importance to the economy of Hawaii, 
that a considerable amount of study has been 
devoted to the ground-water geology and hy- 
drology of the Hawaiian Islands. 


It is obviously true that the study of geology 
is necessary to the understanding of the hydro- 
logy. Lithology and structure are only geologic 
terms describing the same features as aquifers 
and aquicludes and their geometry. It is also 
true, though perhaps not so obvious, that the 
hydrology can be treated like other geophysical 
and engineering techniques of exploration to 
assist in the development of geologic under- 
standing. 

Hawaii is fortunate, first, in having complete 
coverage by U. S. Geological Survey topo- 
graphic maps on a scale of 1/62,500 with con- 
tour intervals of 50 or 100 feet, based on field 
mapping on scales of 1/31,680 or 1/20,000 with 
contour intervals of 10 or 20 feet. In some areas, 
the older mapping, dating from 1910, is proving 
inadequate, and a current program of remapping 
in greater detail by aerial photographic methods 
is under way. 

Hawaii is fortunate, second, in having the 
results of a survey of the geology of each of 
its islands, largely the result of the work of H. 
T. Stearns of the U. S. Geological Survey and 
Hawaii Division of Hydrography (Stearns, Vak- 
svik, Macdonald, Davis, and Cox, 1935-47, 
Hawaii Div. Hydrog. Bul. 1, 2, 5, 6, 7, 9, 11, 
12, Bul. 13 in prep.). In some areas of the 
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Islands where the structure is relatively simple 
and the hydrologic problems not severe this 
work may be regarded as sufficient for the un- 
derstanding of the hydrology. In other areas, 
the stringency of the hydrologic problems re- 
quires still more detailed work of the kind done 
by C. K. Wentworth for the Honolulu Board 
of Water Supply (Wentworth, 1951, Geology 
and Ground-Water Resources of the Honolulu- 
Pearl Harbor Area). 

The results of such detailed investigations 
are generally available through the Experiment 
Station of the Hawaiian Sugar Planters’ Asso- 
ciation, the Honolulu Board of Water Supply, 
the outer island waterworks boards, etc. In areas 
of complex geology, much of the extra detail 
may still be provided by the standard methods 
of field geology, although the utility of these 
methods will depend on the state of progress 
of the current program of topographic revision. 
More of the extra detail must come from geo- 
physical and engineering exploration. 

The principal structural elements of a typical 
Hawaiian island are shown in Figure 1. The 
largest element is a shield or dome composed 

redominantly of lava flows, initially of basalt 
Set grading in the later flows to andesite, and 
having as a result a thinner-bedded, more por- 
ous, and more permeable interior than exterior. 
These flows were erupted from fissures in linear 
or tripartite rift zones, fissures that were left 
filled with lava, forming dikes. Interbedded with 
the flows are a few ash beds. At the center of 
the dome, there may be a caldera that is either 
partially or completely filled with flows thicker 
and more compact than those on the flanks by 
reason of their ponding. The various islands are 
composed of one to five volcanic domes apiece. 
These domes exist in various stages of erosional 
destruction, from Mauna Loa and Kilauea, still 
active and uneroded, to Kauai, much eroded 
and with much added complexity. After major 
erosion, there may have been a late series of 
eruptions which formed new vents and flows, 
the latter being thicker and more compact than 
the flows of the dome because of the restriction 
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of their movement in the eroded topography. 
With the progress of erosion there is simultane- 
ous sedimentation, with the deposition of both 
terrestrial and marine sediments along the shores 
of the island and in valleys submerged by chang- 
ing relative sea levels. 

The precipitation which falls on these vol- 
canic domes is divided into the usual three parts, 
evapo-transpiration, runoff, and infiltration. Be- 
cause of the high average permeability of the 
lava flows making up the bulk of the domes, the 
ratio of infiltration to rainfall is relatively high. 
The water descending through the rocks may 
accumulate in three principal types of ground- 
water bodies: (1) bodies perched on ash beds or 
soils interbedded with the flows, on conglom- 
erates, on unconformities, or on other rocks of 
low dip less permeable than theaverage lava flows; 
(2) bodies impounded between the dikes that 
have intruded the lava flows; and (3) bodies 
floating on salt water. The occurrence of these 
bodies is diagrammed in Figure 2. 

The perched and dike springs representing 
the natural discharge from the first two types 
of ground-water bodies are of great importance 
in providing the largest part of the low water 
flow of most Hawaiian streams which, without 
them, would be almost without value as sources 
of water supply. Partly through wildcat experi- 
ment and partly through knowledge of the 
causes of retention at high levels, the natural 
surface discharge from many of these perched 
and dike-retained bodies has been artificially 
increased, steadied, or diverted to economic 
advantage. 

The qualitative relationship between the 
perched ground water and the ash, soil, and 
conglomerate beds upon which it is held was 
first clearly understood in 1920 through the 
work of W. O. Clark (Stearns and Clark, 1930, 
U. S. Geol. Survey, Water-Supply Paper 516) 
who spent many years thereafter planning and 
guiding development of high-level water of this 
sort for the sugar plantations and other agencies 
of the Islands. Further development is still in 
progress and still requires detailed geologic and 
hydrologic advice. An attempt to generalize 
quantitatively on the results expectable from 
this type of development would be useful in 
engineering future developments but would be 
difficult because of the high variability of the 
perching members in their area, thickness, con- 
tinuity, permeability, and slope, and because 
no adequate theory exists covering nonsteady 
flow conditions in this kind of body. The de- 
velopment of such theory would seem to be 
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easier in continental areas where experimental 
work could be done in perched bodies with less 
variability. 

The understanding of the relation between 
dikes and the high-level water impounded be- 
tween them seems to have developed gradually 
as a result of the construction of a number of 
tunnels, penetrating saturated compartments be- 
tween dikes, notably the Waiahole tunnel that 
was driven through the Koolau Range of Oahu 
to transport stream water from the windward to 
the leeward side. The gross effects of these tun- 
nels in draining off water stored between the 
dikes were early noted, but the length of time 
necessary to the restoration of equilibrium con- 
ditions was not recognized for many years. With 
it has come a realization that many dike-devel- 
opment tunnels do not have a permanent flow 
appreciably greater than that available from the 
springs representing the original drainage of the 
dike compartments. A considerable volume of 
records of the yield of dike tunnels, some of it 
coupled with the records of nearby spring flow 
and of pressures encountered behind dikes in 
tunneling, awaits analysis and correlation with 
rainfall records and studies of dike distribution. 
The results wiil be of great local value in the 
study of future tunnel results and also in the 
study of bulkheading to restore the storage 
capacities behind selected dikes, a practice that 
has been carried on to some extent in recent 
years but which has not been thoroughly 
analyzed. 


The largest draft of ground water comes from 
basal bodies, generally floating on salt water, 
fed by direct recharge from the surface or by 
underground leakage from perched-water bodies 
or bodies impounded by dikes. Where the per- 
vious lava flows containing this basal water 
extend to the coast without cover, the head of 
fresh water above sea level is small, increasing 
at the approximate rate of a foot per mile from 
the coast. Where, however, the seepage of fresh 
water to the ocean is restricted by a “cap” of 
less pervious sediments, as on much of Oahu, 
the head under and immediately behind the cap 
may be several tens-of feet, higher in fact than 
the surface of the sediments in the belt close to 
the shore, thus creating artesian conditions. No 
lower limits to the zone of permeable lava flows 
are known or suspected within a range of several 
thousand feet below sea level for most of the 
basal aquifers. 

The possibility of contamination of this basal 
fresh water by salt water was early recognized 
through experience and ascribed to the prox- 
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imity of the ocean. Before 1910, the floating 
relationship with underlying salt water was pos- 
tulated (Stearns, 1935, Hawaii Div. Hydrog. 
Bui. 1: 256), but it was not until the late 1920's 
that the applicability of the Ghyben-Herzberg 
principle and its consequences were fully ac- 
cepted (McCombs, 1927, U. S. Geol. Survey, 
Water-Supply Paper 596A; Palmer, 1927, Hono- 
lulu Board Water Supply, Sup. 1st Bien. Rpt.). 
According to this principle, the head of fresh 
water above sea level should be balanced by a 
depth of fresh water below sea level about 40 
times as great, the exact ratio being dependent 
on the densities of the fresh and salt water. 
This relationship is correct only in static con- 
ditions, as has been demonstrated theoretically 
by Hubbert (1940, Jour. Geol. 28: 924-926), 
and requires modification in the near-shore area 
under dynamic conditions. Furthermore, it as- 
sumes steady-state conditions that do not per- 
tain. As shown by Wentworth (1942, Amer. 
Geophys. Union, Trans. 23: 683-693), changes 
in the depth of the salt-fresh contact zone must 
lag greatly behind the changes in the water-table 
elevation that initiate them. As yet there is no 
theory expressing the lag in terms of the per- 
meability and geometry of the aquifer and the 
nature of the fluctuation in head. The uncer- 
tainty is critical in attempts to estimate storage 
volumes and their changes. 

Good records of many years or even decades 
of head variation exist for many aquifers, but 
the only indications of salt-fresh contact fluc- 
tuations lie in the voluminous records of salinity 
at wells, generally analyzed at random times 
without regard to the variation in pumping 
conditions. Though attempts have been made 
for several years now to collect salinity records 
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under standardized conditions, there is still a 
further difficulty, pointed out by Wentworth 
(1947, Pacific Sci. 1(3): 172-184), that the avail- 
able sampling points are all in the upper part of 
the zone of mixture, which is capable of varying 
in thickness as well as position. 

At this point it would seem best to approach 
the whole problem from three directions si- 
multaneously: (1) development of an adequate 
mathematical theory of Ghyben-Herzberg ; 
tioning under nonsteady dynamic conditions 
for simple cases; (2) checking and extension of 
the theory by models, very likely electrical ana- 
logues; and (3) further experimental checking 
from test holes penetrating the zone of mixture 
in the simplest Ghyben-Herzberg bodies avail- 
able, for example, that on the isthmus of Maui, 
where there is practically no cap of sediments 
on the coast. The analysis of the experimental 
results in terms of the theory will depend on the 
measurement of permeability not only at the 
surface but also very deep in the aquifer. For- 
tunately, a method seems now to be available 
from the analysis of the progression of tide 
waves, induced by ocean tides, across the ground- 
water body (Cox and Munk, 1953, Amer. Geo- 
phys. Union, Trans. 34: 345). 

The development of an adequate dynamic 
Ghyben-Herzberg theory will be of very great 
importance to an evaluation of basal ground- 
water resources in Hawaii. It will also be of 
importance in many other coastal areas where 
Ghyben-Herzberg conditions pertain and in 
some of which the problems of salt intrusion 
are critical, but where the development of theory 
is rendered difficult by the complexity of struc- 
ture.— Doak C. Cox, Experiment Station, Hawaiian 
Sugar Planters’ Association, Honolulu, Hawaii. 








The big-eyed tuna, Parathunnus sibi (Tem- 
minck and Schlegel) (=Parathunnus mebachi 
(Kishinouye)), is one of several species of 
tunas which inhabit the Pacific Ocean. Like 
the oceanic skipjack (Katswwonus pelamis) and 
the yellowfin tuna (Neothunnus macropterus), the 
big-eyed tuna is generally considered to be a 
tropical form, but it may also be found in sub- 
tropical waters as far north as 36° north latitude 
(Kishinouye, Tokyo Imp. Univ., Col. Agr., Jour. 
8(3): 293-475, 1923). What little is now known 
of the habits of these fish indicate that the 
larger, older big-eyed tuna habitually live at 
depths well below the surface. Nonetheless, by 
the use of specialized fishing gear designed to 
reach these deep levels, sizable commercial fish- 
eries for the big-eyed tuna have been developed 
in equatorial regions of the western and central 
Pacific Ocean. In contrast, Parathunnus is not 
as important or as well known in the eastern 
Pacific where fishing for tunas is confined en- 
tirely to surface methods. 

Our general unfamiliarity with the big-eyed 
tuna is reflected in the paucity of information 
available on its occurrence and distribution in 
waters off the west coast of North America. 
Although the species was first reported from 
the eastern Pacific Ocean over 30 years ago, in 
1920, by Kishinouye (op. cit.), the only definite 
record that I have been able to find which 
establishes distributional limits for Parathunnus 
in this region is that of Godsil and Byers (Calif. 
Div. Fish and Game, Fish Bul. 60: 1-131, 1944). 
In their exhaustive study of the Pacific tunas, 
these investigators had available two specimens 
of big-eyed tuna caught at two widely separated 
localities, one from Guadalupe Island off the 
coast of Lower California and the other from 
the Galapagos Islands off the coast of Ecuador. 
Parathunnus sibi was earlier included in a check 
list of Southern California fishes (Ulrey and 
Greeley, South. Calif. Acad. Sci., Bul. 27(1): 35, 
1928) but this record was based solely on Kishi- 
nouye’s account, which failed to mention the 
origin of the big-eyed tuna observed. It is most 
likely that the latter fish were brought in to 
San Pedro, California, by tuna vessels operating 
south of the United States-Mexico border. 
Roedel (Calif. Fish and Game 39(2): 251-262, 
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On the Distribution of the Big-Eyed Tuna, Parathunnus sibi, in the 
Tropical Eastern Pacific Ocean 


1953) lends weight to this assumption by stating 
that Parathunnus sibi has yet to be taken in 
California waters. To the south, American tuna 
fishermen have reported infrequent catches of 
fish identified by them as big-eyed tuna from 
as far below the equator as northern Peru. 

That distributional records are not more com- 
plete is probably because the big-eyed tuna is 
often mistaken for the yellowfin tuna which it 
strongly resembles. In general, the big-eyed tuna 
has a somewhat larger head and eye, a deeper 
and more rotund body, and coarser scales than a 
yellowfin tuna of the same size, but as these 
characters are all relative there is no known way 
of identifying with certainty a big-eyed tuna by 
its external features. The length of the pectoral 
fin has been suggested as a character diagnostic 
of the big-eyed tuna (Godsil and Byers, op. cit.; 
Roedel, Calif. Div. Fish and Game, Fish Bul. 
68: 1-153, 1948), the pectoral fin being more 
elongate than that of the yellowfin. Brock (Pa- 
cific Sci. 3(3): 271-277, 1949), however, has 
pointed out that this means of differentiating 
between the two species is not infallible because 
the length of the pectoral fin may vary with 
body length. The only positive way of identify- 
ing big-eyed tuna thus appears to be the use of 
certain internal features. Two of the distinctive 
anatomical characters for Parathunnus are the 
almost unexposed position of the spleen (well 
exposed in Neothunnus) in ventral view and the 
presence of marginal striations (absent in Neo- 
thunnus) on the ventral surface of the liver (God- 
sil and Byers, op. cit.). 

In view of our superficial knowledge of the 
big-eyed tuna, it appears desirable to present 
some of the results of a recent expedition spon- 
sored jointly by the Inter-American Tropical 
Tuna Commission, the California Department 
of Fish and Game, and the Scripps Institution 
of Oceanography. From January 31, 1953, to 
March 4, 1953, 26 fishing stations traversing the 
general area of the present eastern Pacific com- 
mercial tuna fishery, from 13°20’ north latitude 
to 4°28’ south latitude and from 99°10’ west 
longitude to 84°38’ west longitude, were occu- 
pied by the California State fisheries research 
vessel, ““N. B. Scofield.” At each station, up- 
ward of 50 baskets of longline gear, similar to 
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those used elsewhere in the Pacific, were fished 
to depths of approximately 150 feet. Large big- 
eyed tuna were captured at 10 localities (Table 
1) of which 8 were in outlying oceanic waters 
not usually frequented by American tuna vessels. 
Fishing was best just north of the equator. Big- 
eyed tuna were caught as far south as 4°28’ 
south latitude, which is about 200 nautical miles 
south of the Galapagos Islands, the southern- 
most limit from which big-eyed tuna have pre- 
viously been recorded. 


TABLE 1 


RECORDS OF THE BIG-EYED TUNA, Parathunnus sibi, 
FROM THE TROPICAL EASTERN PACIFIC OCEAN, 
FEBRUARY TO MARCH, 1953 








DATE POSITION NUMBER OF FISH 
Feb. 3...) 7°02’N-96°39’W 1 
Feb. 4. 5°12’N-95°36'W 1 
Feb. 5...) 3°06’N-95°00'W 4 
Feb. 6.. 1°30’N-94°25'W 3 
Feb. 8 0°36’S -93°44/W 1 
Feb. 9...| 2°36’S -93°05'W 2 
Feb. 10...| 4°28’S -92°16’W 1 
Feb. 13...| 0°15’N-91°20’W 1 
Mar. 1...| 2°40’N-85°33’W 1 
Mar. 4 3°16'S -84°38/W 1 


The big-eyed tuna caught by the longlines 
ranged in length from 991 to 1,814 millimeters 
and in weight from about 60 to 275 pounds. 
Most individuals were more than 1,400 milli- 
meters long and weighed over 150 pounds. 
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These fish approximated in size big-eyed tuna 
which appear in commercial longline catches 
of the Japanese and Hawaiian fisheries, but they 
were considerably larger, on the average, than 
those which are occasionally reported by Pacific 
Coast fishermen although, according to them, 
large big-eyed tuna are sometimes taken at the 
surface near the Galdpagos Islands. 

All the large fish examined internally, both 
males and females, were in advanced ripening 
or ripe condition according to criteria estab- 
lished by Marr (U. S. Fish and Wildlife Serv., 
Fish. Bul. 51(44): 201-206, 1948). One male 
big-eyed tuna, 1,536 millimeters in total length, 
caught on March 4, 1953, at 3°16’ south lati- 
tude, 84°38’ west longitude, had just spawned 
or was in the last stages of spawning. The testes 
of this fish were much reduced in size compared 
to those of maturing individuals, and ripe milt 
was present in the central duct and in the uro- 
= sinus. It thus seems evident that the 

ig-eyed tuna spawn in or near this region in 
the late winter or early spring months. 

These findings further elucidate the distribu- 
tion and relative abundance of big-eyed tuna in 
the tropical eastern Pacific Ocean. Moreover, 
they demonstrate the existence in this region 
of a deep-living parent stock of large big-eyed 
tuna which is not fished by fishing methods 
now used, a phenomenon heretofore suspected 
but unproved. The relationship between this 
population and those found further to the west- 
ward remains to be determined.— Bel] M. Shi- 
mada, Inter-American Tropical Tuna Commission, 
Scripps Institution of Oceanography, La Jolla, 
California. 
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The color plate facing page 208 of this issue 
was printed by a new three-color process devel- 
loped by the Eastman Kodak Company and 
made available on a developmental basis 
through the Case-Hoyt Corporation of Roches- 
ter, New York. Because of simplified techniques 
reflected in lower costs, the process gives prom- 
ise of making color illustration available to 
scientific workers on a much broader scale than 
was heretofore possible. 
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